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FOREWORD

Foods preserved by modern dehydraticn procedures rehydrate rapidly to
yield products which are generally indistinguishable from thefr undehydrated
counterparts in odua, taste, texture and appearance. The 60 to 90 percent
reduction in weight incident to dehydration represents & collateral
advantage of increasing significance. In theory, dehydration should
permit a reducticn in volume approximating the water removed. Reducing
the volume of dehydrated focd provides obvious advantazes in terme of
transport, storage, and ratio of food to packaging material, especially
whea the reduced bulk is concentrated as a rectangular module favorable
to packaging and packing. These values are amplified in terms of the
eoldier who must carry on his pcison whatever food he may consume during
prolconged perivds in a hostile area.

This investigation is based on recognition of the importance of
compression techniques for reducing the volumre of dehydrated foods, and
on the coumon observation that compression of dehydrated foods may rcsul:
in major structural changes similar to grinding. Such changes adversely
affect the acceptability of many familiar food items through alterations of
appeazance, texture and possibly other physical properties. The primary
objective of this investigation is the development and demonstration of
feasible methods for minimizing the fragmentation attending the compression
of dehydrated foods.

The investigation covered by this report was performed at the Food
Research Laboratory of Tronchemics Research Inc., 480 U. S. Route 46,
routh Hackensack, New Jersey. Mr. Norman H. Ishler was the 0fficial
investigator. His collaborators were Mr. A. J. Knipper, Mr. S. Lederman,
,+. K. Al-Delaimy, Dr. R. La Rocca, Mr. W. G. Timpe, Dr. A. R. Touba,
at:d Mr. J. R. Boss.

Project Officer for the U. S. Army Natick Laboratories was Dr.
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Methods have been developed whereby a broad range of dehydrated
foods can be compressed at 1000 psi into dense, cohesive bars which
rehydrate readily with little fragmentation to original characteristics.
Exsmination included 15 food types. Meaasurement of fragmentation
is descrided. Storage stability is reported. A progress flow
diagram is included.
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Methods are described for preparing food bars from freeze dried
chicken, raw beef, ground cooked beef, peas, shrimp, corn, chili con
carne, beef stew, rice, onions, scrambled eggs, peaches and spinach.
These bare, having been compressed at 1000 psi. into discs approximately
§¥" thick and 1§" in diameter are cohesive enough to withstand normal
handling and have & good appeaxance. The bars can be rehydrated by
normal means to yield food pieces of the shape and size of the
uncompressed food with little fragmentation or even distortion of
the original appearance. Compression cf the foods listed above
without the treatments described in this report yields bars of
little cohesion which, when rehydrated, yield broken food pieces
and in many cases only a finely dispersed slurry.

Effective treatments for reducing fragmentation include spraying
water, glycerin or propylene glycol on the dried food prior to
coupression. Redrying water sprayed bars by vacuum oven to a
mo. iture level of less tham 2% does not affect the high quality
associated with freeze dried foods (i.e., fresh flavor and rapid
rehydration). Effective treatment for scrr.abled eggs comprise
substituting partial cooking for the usual complete cooking before
freeze drying. No anti-fragmentation additives were used.

Also described in this report is a test based om objective
measurements which provides & vaiid quantitative index to fragmenta-
tion or decreased particle size resulting from the compression
of freeze-dried fuods. The results from this test are reproducible,
clearly showing the degree of fregmentation with a single aumber.
This number (Ig) approach unity as the fragmentstion is reduced.
In some cases, the If hae boen reduced from as high as 13 for un-
treated foods to as low as 1.2 by treating the food prior to com-
pression operation. The mathsmatical treatment and mathematical
mesning of the I, number fs given.



Storaga stability studies were carried out on all 8! the
food bars at 70°F, 100°F and cycling between 0°F and 40°r.

In some cases an alternate treatment is reported for
food bars where storage stability studies indicated poor perfor-
sance for bars treated a specific way.

Techniques are described . r improving rehydration rate
and cohesion of the food bars. These techniques include the use
of additives such as starch, gum arabic and calcium pectinate.
Also, methods are described for controlling surface moisture of
the food particles prior to compression to achieve optimum rehydra-
tion and cohesion characteristics. Without this comtrol, rehydra-
tion tims of some food studied would be greater tham 3 hours,
whereas all of the bars described in this report rehydrate in less
than 30 minutes and in many cases in less than 7 minutes.

The use of oil as 2 means of preventing off-flavor in
compressed onion is describod.

The exclusion of light from glycerin treated pea bars
was found to prevent the whitening effect encountered by other
workers.

Bquilibration followed by compressiom at elevated temper-
ature is reperted as & means of redwecing fragmentatiom. Also,
methods are given for reducing equilibratien tims from ome bour to
a few minutes in seme instamces.

Experiments have indicated that stopping the freese drying
cycle of peas vhea the feed had resched & moisture of 7.5%, with
subsequent compressien and & continustion of drying ' 8 vacuum
oven to & moisture of less tham 2% ylelded & cobssiv. bar that
showed little or no fragmeatatiom upon rehydration.



INTRODUCTION AND GENERAL PRINCIPLES

Improvements in the techneology of dehydrating foods have solved
many of the problems of providing high-quality food rations to members
of the Armed Forces, Dehydration .n many cases provides effective preser-
vation of the food produci, and at the same time markedly reduces the weight
required to be shipped and ultimately to be carried in the pack by the
individual., However, notably in the case of freeze dried foods where vir-
tually no shrinkage occurs in dehydration, the volume of the dehydrated food
remains close to that of the criginal starting material,

Henee, the naed has been recognized to increase the caloric density
of dehydrateu foods, Thnis may be accomp ished in some cases by filling the
existing void spaces in dehydrated foods, Another approach is to compress
the dehydrated product so that a giver weight of material will occupy a
sma..er volume thah would otherw.se be the case,

However, many dehydrated foods undergo seveire fragmentation, parti-
cularly when they are compressed at pressures above 1000 psi, It is an
ultimate objective »f this project to find means of treating certain
specitied dehydrated foods so as to suzstantially reduce the amount of
fragmentation which would otherwise occur upon compression in the range of
1000 to 2000 psi. It is also ar objective of this project to develop a
relatively simple, reproducible method for measuring the fragmentation which
occurs so that the effectiveness ci the treatments devised can be evaluated
and controlled,

I, INDEX OF FRAGMENTATION

In order to evaluate treatments and proccsses that are developed to

reduce the fragmentation of dehydrzied foods, it was necessary first to
devise a means of measuring tius fragmentaticn, Therefore, this objectiv«
is covered first,

The first basic consideration was to select a test method that would
reflect varlous degrees of fragmentation, The test should be based on °
objective measurements and must be relatively simple to perform and
reproduce,

A second consideration was to express the results of such a test in a
single number or index which would equal unity if no fragmentation occurs
and would increase in value as the degree of fragmentation increases.

It was also considered desirable, although not essential, that the Index
of Fragmentation developed shouid be reasonably comparable when applied
to various types of food materials, That is, it would scem desirable

if an Index of Fragmentation of 5 could be taken to indicate approxi-
mately the same degree of breakage which had octurred during compress:
of shrimp as & similar number would indicate for a markedly different
product (e.g., rice), It should be recognized that this degree of
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comparability may never be attained in fyll because of the differences in
type of breakage which are likely to occcur in materials which are structurally
as different as shrimp and rice, for example.

Screen rmalysis is probably the most obvious way of measuring the particles
size and hence the degree of fragmentation, The preliminary experiments in-
dicated that a wet screen anslysis was preferred over a dry screen analysis,

The method developed in the current work is based on rehydrating the compressed
foods and making a wet screen analysis of the particles using a water spray to
tranaport the particles from one screen to another., The values obtained from
this analysis are mathematically reduced to a single number which meets the
following specifications:

1) It is a ratio in terms of fragmentation after compression to
fragmentation before compression,

2) It approaches unity as breakage due to compression is minimired,
3) It becomes larger a: breakage produces smaller and smaller particles,

4) It permits a rough comparison of the amount of fragmentation which
has occurred in large food pieces (e.g., shrimp) and small pieces
(e.g. peas) even though different sieve sizes are involved,

This method of determining Index of Fragmentation has proved to have
good reproducibility and to be indicative of the amount of fragmentation
of food as judged by appearance and organoleptic means, This test has been
successfully applied to all of the foods studied,

The primary objective of this project has besn successfully met by
developing treatments for freeze dried foods which enable them to be compressed
into bars which will, upon rehydration, return to their original shape with
little breakage occurring and with essentially the same flavor and appearance
as the uncompresised freese dried foods, The volume of the freeze dried foods
is reduced by the compression step to less than one quarter of Lhe original
volume and in some cases to one ninth of the original volume,

The preliminary work on this project indicated that the most successful
approach to reducing fragmentation is to soften thus freeze dried foods prior
to compression, 1f the fcod is soft enough, it will yield to compression,
forming a bar without breaking. This approach has been successfully applied
to most of the foods specified under the contract,

-a-



Food Softenggg

To soften the foods prior to compression, several “plasticizers" were
evaluated, It was found that water, propylene glycol, glycerin and
alcohol softened the foods sufficiently to allow cumpression with little
fragmentation, To achieve optimum results frou these "“plasticizers' and
to obtain bars with good physical properties, specific techniques were
worked our for each food using the basic princip.e +f softening the food.

1. Water Treatment

Free.e .ried foods with moisture levels from °-20% will compress
in-o> bars with little fragmentatior occurring, The higher ‘he level
of water, the lower the degree ot fragmentation., Af.er compres-ion,
the food can be dried to below 2% moisture in a vacuum oven without
an, ap,arent change in the quality associated with ‘reeze dried
foods (i.e., rapid rehydration and fresh flav.r), Hcowever, f too
high a moisture level is used (this level - .ries with each food)
the food 1s adversely affected by the second i:rying ..peration, the
food taking on the characteristics of the conv:ntional dried foods
(i.e., slower rehydration and lack of fresh flavor),

Ti.ree techniques have been used to obtain freeze dried foods with
moisture levels from 5-20%: 1) Spraying the dried foods with a
fine mist until t:e desired increase in weight .s obtained; 2)
Stopping the freeze dried operation when the food has reached the
desired moisture level and 3, Allowing freeze ‘ried fuod to
equilibrate in A humidity chamber un-il the food absorbs “he de-
gired amount of watu:., O the three methods, spraying -he water
appears to be most satistactcry with relation to con.ro. and time
requirad, Stopping the freeze drying operation at a de :ired
moisture lavel was very difficult and several attempts were nhec-
essary before even one success was achieved, Introducing the
desired moisture in a numidity chambe. usually requires several
hours as cogpared with lees than an hour required for the spray
method, The spray methnd was therefore used as the method of choice
in moat cases,

The amount of moisture added before compression also affects the co-

hesiveness of the bar and its rate of rehydration, Foods compressed at
moistures below optimum level have poor cohesion but rehydrate rapidly
while foods compressed abocve optimum moisture have very good cohesion but
rehydrate very g#lowly,

-5-



In all cases, it appears important to control the moisture cn the
surface of the food pieces, Higher surface moisture levels tend to
produce more cohesive bars, but lower rehydration raies. Even a
sample with 2 low moisture level may be too cohesive if the compres-
sion is carried out before the water (sprayed on) has penetrated the
surface, Theretore, it is desirable to compress after the foods have
equilibrated to insure a fairly uniform moisture level throughout.
This equilibration may vary, depending on the food, from a few minutes
to an hour. Generally, a food that rehydrates slowly will need a longer
equilibration time before compression and re-drying than a food which
rehydrates rapidly, After determining the optimum moisture level and
equilibration time to reduce the fragmentation of a specific food, a
greater cohesion c¢. rehydration rate may still bte desired, Surface
moisture may be reduced by a warm dry air current or increased by a
light spray immediately bef yre compressing,

In some cases, it is ;oasible to add certain additives to 'he
water being sprayed on the food to obtain either greater rehydration
rate or cohesion without adversely affecting the other, Gum arabic
has been succeasfully used in rice to increase cohesion without
affecting rehydration rates, Modified low viséosity starches have
been used to increase rehydration rates of bars,

Propylene Glycol and Glycerin Treatment

Propylene glycol and glycerin can be used effectively in ranges from
5-15% to reduce fragmentation due to compression, The higher level is
limited by taste factors, Propylene glycol is more effective in re-
ducing fragmentation than glycerin; however, the maximum level of pro-
pylene glycol that can be used because of the bitter taste is less than
that of glycerin which mainly contributes sweetness to the product, The
use nf thote plasticizers requires compression at elevated temperatures,
Little or no plasticizing occurs at room temperatures, The optimum
temperature of compression for the foods worked on under this contract

is 60°C, The main advantage of using propylene glycol and glycerin to
soften the food tissue iLs that {t does not require a second drying
operation as {s neaded after water treatment, However, these plasticizers
gencrally affect storage stability adversely at high temperatures (100°F).

The level of propylene glycol and glycerin used is not critical, and
has little or no effect on rehydration. Usually the cohesion of the
bar is improved by the use of these plasticizers,

Spraying propylene glycol or glvcerin was the most effective
method of distributing these additives uniformly, It was found help-
ful to equilibrate the samples at 60 °C after spraying prior to compre:

6=
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An equilibration and hesting time of cne hour was used, Shc-ter
equilibration times are possible especially when heating only thin
layers at a time (i,e,, the use of radiant heating plates on single
layers of peas reduced the time to 5 minutes).

Alcohol Treatment

Ethyl alcohol will soften the food particles to allow compression
without excessive fragmentation, However, for greateat effectiveness,
the treatad food should be compressed at =2levated temperatures (600C).
Significant losses have been experienced due tc evaporation under
these conditions,

Alcoliol treatment cffers little advantage over the water treatment
except for the ease of removal after compression,

MATERIALS AND METHODS

MATERIALS

The food products selected for experimental work in this project were
chosen in conformity with the requirements of the Statement of Work as
set forth in the request for proposal on which this project is based.
Readily available commercial products were chosen wherever possible to
achieve a degree of standarisation which would not be pogsible if the
individual food material were prepared in the contractor's laboratory
under small scale research conditions, When not available commercially,
the products were purchased in their raw or natural states, and dehy-
drated using a RePP PFreese Dryer (see section under equipment) according
to military specifications for these foods. As experimental work pro-
gressed, it was found neccessary in some cases to treat the food in its
raw or natural state in some manner pr.or to freesze drying in crder to
accomplish the desired reduction of fragmentation,

Data concerning those foods which were purchased in the dehydrated state
meeting specificationa of the Statement of Work are tabulated in Table I
Products that required special attention are described below,

FREEZE DRIED STRAWBERRIES -

Fresh strawberriee were purchased from a local fruit store and de-

hydrated in a RePP Freeze Dryer, The final moiature was less than 3%,

It was found necessary to treat. witl calcium chloride and low methoxy pectir
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prior to freeze drying in pursuit of a treatment for the reduction of
fragmentation. These pre-drying treatments are discussed under Resulcs
and Discussion,

TABLE I
DATA ON C - SED DEL D DS
oisture

Component Suppliers S8ice Actual Specification
Shrimp United Fruit Corp. 26/29 1b. 1.61 2-5
Beef (cooked & ground) Wilson & Co. 1/4" cubes wnaa 2-3
Chickens Wilson & Co. 3/8" diced 2.64 2. 5-3
*Kice General PFoods Whole Grain 3.02 3-5
Onions Besic Veg. Prod. Inc. Chopped 3.0 3-5
Peaches Seeman Bros. Inc. Halves 12.0 10-15
Peas United Fruit Corp. crmmcnew 1.4 1-2
Corn United Pruit Corp. crenesan 1.4 1-2

*Actual moisture as purchased was 8-12%; was dried in air oven to 3i.

B. FREEZEZ DRIED SPINACH

Frozen spinach was purchased from a local vegetable store and prepared
for freeze drying according to Military Specification LP/P.DES C-208-63,
The final moisture wair below 2% which was within specifications for freeze-

dried materials.

C. FREEZE-DRIED MUSHROOMS

Freeze-dried mushrooms were obtained from United Fruit & Food Corp.

Since it was found necessary to treat the mushrooms before freeze drying,
the fr%sh productwwas purchased from a local store, pretreated, and pre-
pared for freeze drying according to Military Specifications LP/P.DES
C-190-62. The product was then freege dried in a RePP Freeze Dryer,

D. FREEZE~DRIED COTTAGE CHEESE

Presh cottage cheese was purchased from the local food store. The product
was frozen directly in the freese dryer by evaporative freezing to obtain
dehydrated product of distinguisbable curds. This procedure was followed
because when cottage cheese was frozen in a conventioral freezer and then
freeze-dried, the cheese tecame matted which was undesirable for use
according to Military Specification LP/P.DES C-197-62

-8 -



FREEZE DRIED SCRAMBLED EGGS

Freeze dried scrambled 2ggs were prepared in the laboratory at
various cooking times as described under Results and Discussions,
The basic procedure, however, followed the appropriate military
specification,

FREEZE DRIED, DICED, RAW BEEF

Raw beef (round cut) was purchased from a local butcher and prepared
for freeze drying actourding to Military Specification LP/P DES (1-204-63,
The raw meat was diced approximately 1/2" in thickness and 1 in the
otner two dimensions, This cutting »peration zaused considerable leak-
ing of tissue fluid on tne surface of meat which subsequently caused

rehydration protlems,

DEHYDRATED BEEF STEW

For the purpose of this report, beef stew was prepared according to
Military Specification LP/T DES C-187-62, The formula is shown in
Table II,
TABLE 1I
FORMULA FOR DEHYDRATED BEEF STEW

——

COMPONENT PERCENT SUPPLIER
(Dehydrated)
Cooked beef pieces 51,8 Prepared in lab,
Potatues 15,5 " oo S
Peas 6.0 " voon
Carrots 6.0 ° oo
Onions, sliced 3.4 Bagic Vegetable Products, 1+
Gravy mix Prepared in lab,
Soup and Gravy Base, Beef 8.9 Thomas J, Lipton, Inc.
Waxy maize stavch 6.9 National Starch
Hydrolyzed Vegetable Proteins 0.9 The Nestle Co., Inc,(HVP type- 4
Onion powder 0,4 Bugsic Vegetable Products, Inc,
White pepper 0.1 McCorn:ack & Co,, Inc,
Caramel Coloring 0.1 T. Mitchell Co,

TOTAL 1€0.0

Raw beef, diced poratoey and carrots, and peas were purchased locally, cocked
and freeze dried by Tronchemics Research Inc, The Soup and Gravy base, Beet
was made up according to military specification MIL-8-327iC
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H, DEHYDRATED CHILI CON CARNS

Chili Cor Cerne was prepared according to military specification
LP/P DES C-186-62, The tormula is given in Table I1I, The soup and
gravy base used was the same as that described under Beef Stew.
TABLE 111
FORMULA FOR CHILI CON (/RNE

COMPONENT
iite pea beans 59 Prcpared in the lab
roecoked groun. beef 25 Wilson & Co,
Jehydrated)
asoning mix Prcpared in the lab

wmato powder 6.6 Paterson Canning Co,
up & Gravy Base, Beef 4,0 Th:mas J, Lipton, Inc,
ili powder seasc..ing 3,0 Gr.ffith's Laboratories, Inc,
it PR ObLained locally
?

irlic Powder Su: Speed Vegetable, Irc,
TOTAL 100.0

‘2 beans were purchased locally, cooked and freese-dried in a ReFP Freecze
“yer, All other nomponents were obtained in the dehydrated state, requiring
3> further processing except for blending,

'l ingredients usec to reduce fragmentation conform to current requirements
* the F,D,A, Furthermore, no process or treatment was used which is kiown to

~{versely affect the wholesomeness, the vitamin content, or the biological
..ality of the protein of the compressed product,

mm, RQUIPMENT

Major pieces of equipment required for the successful performance of this
contract are tabulated in Table 1V .

=10«
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TABLE 1V

MAJOR PIECES OF EQUIPMENT

Freeze Dryer RePP 1ndustries Inc, FFD-40
Gardener, N, Y,

Hydrauiic Press Fred S, Carver Inc,
Summit, N, J, 150
Vacuum Oven National Appliance Co,

Portland,Oregon
nigh Vacuum Pump Arthur S, LaPine & Co, S-2
Environmental Chamber Enviratron Company

Burbank, California

Moisture Meter Ohaus State Corp,
Union, N.J, 6000

I1I, METHODS

A, FREEZE-DRYING

Freeze~drying of foods at Tronchemics Research, Inc. was carried
out in a Re®r Sublimator (FFD-42) modified tc utilize adjustable
elect ically heatad radiant plates,

B, COMPRESSION PROCEDURE

A Carver hydraulic press with 6" square plates and a cylinder 3" high
with a movable piston war uced to compress the dried foods into bars,
The weights of the dried foods were ad justed so that aiter compression
the bars would be approximately 1/2' thick with parallel top and bottom
surfaces of approximately 2 square inchsa each, Where an experiment
called for compressing the sample at 60°C,, electrically heated plates
were used in the press and the cylindsr was preheated at 60“C for one
hour, Unless indicated otherwise for a specific experiment, all
samples were compressed at 1100 ps1 p:essure, this being 100 psi over
tie minimum of 1000 psi called for in the contract specifications,

The time required to reach maximum pr:ssure applied and the time re-
maining at the pressure was five secc1ds unless indicated otherwise.

all-



C.

SPRAYING

Many of the food materials were sprayed with water, propylene,
glycol or glycerine prior to compression to reduce breakage of the
food particles during the compression operation and to increase
cohesion, Spraying was dune with a p2int spray type nozzle
(pressures 25-5(.psig), from a containar having a capacity of one
quart,

BQUILIBRATION

After apraying dried foods wit’. water, proplyene glycol or glycerin,
it was necessary to providr equilibration for the treatment azent to
penetrate the food, BEe..libration time in & sealed container aftar
spraying varied depe-.uing on the nature of the product. Bquilibria.
tion times were as low as 5 minutes for peas and as high as two hours
for Chili Con Carne, =squilibration is performed at 20°C for water
treated samples and at 60°C for gElycerin axnd propylene glycol treated
samples,

REDRY.:iNG

It was necessary to remove water from bars so treated in order to
preven. possiblie spoilage of the fcoods due to excessive moisture content,
After water treated Joods were compressed the resulting bars were re-
drged in a vacuum oven at tamperatures ranging from 40-609C for at least
5 horr: to reduce the woisture contert to less than 2%, Since the quan-
tities of water involved were low, no adverse effects due to moistening
and redrying were observed,

EVALUATION TESTS

1, TNDEX OF FRAGMEN.::iCN (Ig)

The development of a method for determining the degree of frag-
mcntaiion was one of the major objectives of this project, The
experimental work leading to this development, along with the
method ultimately adopted 's discusgsed below under Results and
Discussion, Section I, Index of Frglmentntion.
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B

The pH of the compressed food bars has been determired by using
a Beckman pH Meter Model G, A ten gram aliquot of the dry bar was
dispersed in 100 ml, distilled water,

DROP TEST

In this method, a 3/4" steel ball weighing 28.2 gm. is dropped

from a height of 10® on to the center of the bar, An assembly with
an electromagnet has been made to allow the bali to be dropped from

a predetermined height, The bar is placed on a cast iron plate (i.e.,
botton of ring stand), The number of drops necessary to crack or
break the bar is recorded,

% MOISTURE

The moisture of the untreated samples is determined by an Ohaus
Moisture balance with the heat adjusted for each food to prevent
scorching, Validity of results was checked uaing a vacuum oven
method (A,0,A,C, where applicable).

In the treated samples, part of the additive (glycerol or propylene
glycol was lost in the drying step, Time vs, weight ioss was plotted
and extrapolated to zero time from the straight line portion of the
curve (constant rate of weight loss) in order to determine weight loss
due to moisture,

DENSITY

The bar is weighed and meacured at least 10 minutes after compression
and density is computed as jrams/cc, The control (not compressed) is

measured by determining tie weight of product necessary to fill a 500 ml,

graduate,

REHYDRATION TIME

Sam~les were tasted perfodically during rehydration to determine the
tine required to fully rehydrate the food, The food was judged to be
fully rehydrated when the texture was uniformly soft throughout. At
this time, the sample was also cut in half and inspectcd visualiy to
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Jetermine whether the water had completely penetrsted the interior,
The temperature and amount of water used were determined,

ORGANOLEPTIC EVALUATION

Organoleptic cvaluations of flavor, arcaa, texture and coior were
performed by a trained panel of not less than three people.

STORAGE STABILITY

Samples were vacuum packed or nitrogen packed in poly-foil-poly
flexible pouches, All samples were placed in storage under the
conditions specified by the contract (70°F, 100°F, and cycling
between O°F and 40°F), 1In addition, samples were placed in O°F
storage, to serve as additional controls, Initial and six montns
storage evaluations were conducted for most products studied.

HUMIDITY-MOISTURE EQUILIBRIUM

The wink (weight equilibrium) method of determining the humidity
moisture equilibria of the food bars and uncompressed foods was used,
The saturated salt solutions used and corresponding humidities at
73°F are as follows:

SALT LR,
Potassium acetate 22.9
Magnesium é&loridc 32.9
Chromium trioxide 39.2
Sodium dichromate 54,1
Sodium bromide 58.5
Sodium nitrite 64,8
Sodium chloride 75.5
Ammonium sulfate 80,1
Potassium chromate 86,5
Ammonium monophosphate 92.9
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_RJSULTS AND DISCUSSION

SECTION 1 - INDEX OF FRAGMENTATION

SELECTION OF EXPERIMENTAL PROCEDURE

Screen analysis was considered to be the most direct approach to
measuring fragmentation of compressed foods, Wet screen analytis was
selected in preference to dry screen analysis because of several inher-
ent disadvantages of the latter, Some of these disadvantages are listed
as follows:

1. There is no practical way to break up a cohesive dry bar to permi.
dry screening without prcducing further fragmentation,

2. Separation of the bar coi:"onents by rehydration would require
redrying before dry scree'. aalysis could be performed., This would
be time consuming and shriukage of food pieces would probably occur,
exaggerating the indicaticr.c of fragmentation,

3, Some fragile products woull be further fragmented by abrasion on
the screen during dry screen analysis,

The wet screen analysis has several advantages that make it particularly
suitable for 'he analysis of compressed food bars, They may be listed
as follows:

a. The rehydra'ion step gently breaks apart the compressed bar without
causing fur her fragmentation,

b, Further fragmentation is not like.y in the screening operation
because most products are less fra i e after rehydration,.

c, The analysis can be made immediateLy without waiting an additional
time for redrying the sample.

d, The analysis requires a relatively short time,

e, Screens are the only special equipment needed.

f, Preliminary experiments indicated that a wet ecreen analysis
distinguishes various degrees of fragmentation and is fairly

reproducible,

In view of the above considerations, the wet screen procedure was
selected as most promising for further inves!igation.
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I1. STANDARDIZATION OF THE WET SCREEN ANALYSIS

A.

SELECTION OF SCREEN SIZES

An attempt was made to develop a rationale for the
selection of screens for the individual food products
which would serve as a guide not only for selecting
screens to be used for specific foods to be studied in
this project, but also for any subsequent foods which

might be considered for compression in future work
either on this project or by the U, S, Arr r Natick
Laboratories in its continuing eftcrt. T...s rationale
was developed to fulfill the following considerations:

1,

The top screen should be selected so that it will
retain the greater part of the raw material being
investigated, That is, if compression and resulting
fragmentation has not occurred, most of the rehydrated
food will be retained by the top screen selected,

The top screen should be iarge enough so that, if

any significant fragmentation occurs, the breakage
will be reflected by an increased amount of material
passing through the screen. For example, if a screen
with a 5 mm opening were selected as the top screen
for a fragmentation of freeze dried shrimp, it is
apparent that considerable “reakage of the shrimp
could occur with very littl: effect upon the resulting
screen analys’s data,

A aufficient number of screens should be used in the
analysis to adequatelycover tha range of particle

sizes important to the accomplishment of the objectives
of this proje:t,

The measuremer.. of extremely fine particle size dis-
tributions was considered unimportant for t‘he pur-
poses of this project., This conclusion is hased

on the assumption that once the food material has
been reduced to 1/16th or les: of its original sice,
its desirable texture, apparent characteristics, and
eating qualities are no longer acceptable and precise
measurement of particle size distribution is unimpor-
tant,

On the basis of these and other considerati.ns,
the selection of screens was ma‘e as follows:
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(a) Five screens will be used for each analysis,

(b) The bottom sieve will be a U. S, Standard Sieve #100 or #200 and will
remain constant, being analogous to the "pan' in dry screening.

(c) The top sieve will be selected so that it is 4 the size of
the smallest screen opening that will allow 90% or more of the
uncompressed product to pass through,

(d) The remaining three sieves will each be 4 of the screen
opening size ol the next larger sieve immediately above it.

(e) 1If a specific product has a dimension that is 13" or greater,
the above rules will not apply, but instead the following
five screens will be used:

Sieve No, Screen Opening
5/8 16 mm
5/16 8 mm
5 4 mm
10 2 mm
100 149 mm

Within the scope of this project, it was fel: that item (e)
immediately above was necessary to cover very large pieces of
dehydrated foods, Particles broken up to sizes larger than

5/8" would still retain the basic textural characteristics,

If .nformation about the ¢ 5/8" fraction is desired, pieces of that
sirze could readily be counted and measured if necessary,

In commercial flaked onions, a few nieces were found to be excep-
tionally long and not representativ: of the average size of the
particles, Therefore, a screen selected to allow 10J% of the
onions to pass through would have to be relatively very large,
Because of this, item (c) above states that the top sieve will be
4 the size of the smallest screen that allows 90% or more of the
product to pass through, 1In the case of onions, the #5/16,

(8 mm opening) screen alicwed 97% of the product to pass through
so, by definition, a #5 screen (4 mm opening) was the top screen
used,

SCRESNING TECHNIQUES

In the wet screen analysis some method is necessary to transport the
fines from the top screen to lower screens (smaller openings), Two
methods were evaluated, 1) spraying water vn top of the screens, and
2) dipping the screens in and out of water, It was found that dipping
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the screens was not as efficient as spraying the screens because
considerable time was required to transport all of the fines to

the lower screens (st least ) minutes) by the immersion method.
Only a few minutes were required on even the more difficult product
whe.. direct spraying was used,

The spraying method was adopted and subsequent work was directed
toward standardization cf the spray conditions, Initial experiment
indicated that a spray of too high a velocity would break up the
particles and a spray of too low a velocity would not carry all

of the fines to the lower screens within a practical time limit,

A total flow rate of 2500 ml/min was found tc be suitable for

all of the products evaluated tc date. The tiwe of spraying each
screen was found to differ for each product depending on the
following factors:

1., Size of particle,
2, Cohesion between particles,
3, Fragility of particle,

In chicken it was found that one minute on each screen was
adequate whereas 3 minutes were necessary on the top screen in
analyzing onions, Time of spraying was determinad by spraying
the top of sach screen until little or no additional material
passed thoough to the next screen, Care was aleo taken to

ensure that excessive spraying did not in itself cause fragmenta-
tion of the rehydrated food materials, Time and temperature of
rehydration prior to the screen analysis varied according to the
product, If the raw material as purchased included special rehy-
dration instructions, “hese were followed, If specific instruction:
did not accompany the raw material, boiling water was added to
the compressed ber and allowed to stand until rehydration was
apparently complete. Regardleas of the method chosen, rehydration
vas carried to an extent in which the drained weight was at
maxinum value,

After screen analysis, the fraction cn each screen is washed onto
£Llter paper and weighed wet, A Buchner funnel, using vacuum, was
preferred for speed over tha gravity flow of a standurd funnel,
The total weight of the fraction varied little when running dup-
licate experiments using the Buchner fui-el whereas the standard
funnel resulted in relatively large variatione prabably due to
retention of excess water on the filter paper. Also the Buchner
funnel method resulted in a considerably lowver drained weight
which indicated more efficient draining, In order to standardize
the use of the Buchner fumnel, a time of fifteen seconds was
adopted for drawing air through the _unnel after the water is
gone and air is first heard to pass through the filter paper,
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WET SCREEN ANALYSIS - STANDARD METHOD

Material - a. U, S, Standard Sieves from W, S, Tyler Company.

Method -

b. Perforated plate type spray nozzle, i" diameter,
having 13 holcs made by a #55 drill, arranged as
indicated by the diagram: A9 o

Ooo0o0
o
0o Oo

¢. Buchner funnel, porcelain, fixed perforated plate,
diameter 111 mm,

d, Filter paper - Whatman #4, 11 cm,

e. Brass aspirator (filter pump).

Rehydrate sample in beaker, transfer contents to stack of
five sieves in series and spray at 2500 ml/min, The screen
size and time of water spray is given in table below under
heading of SCREBEN ANALYSIS - CONDITIONS., Remove top sieve
and continue spraying for the specified time on the second
sieve. Repeat for the other three sieves., Wash each
fraction quantitatively from its sieve into a beaker,

The fractions collected in the beakers are weighed by
pouring into a Buchner funnel onto filter paper, washing
into funnel any pieces that adhere to side of beaker
with additional water. The funnel is then filled with
additional water to distribute the particles and vacuum
is applied. After the water is gone and air is drawn
through the paper for 15 seconds, the filter paper with
contents is weighad wet allowing a tare for filter paper
as determined experimentally, Index of Fragmentation is
calculated as shown below,

- 19 -



0 ot “uym | 81 ‘ulm 3 ol "ujw 1 s t WL/ o1 Yowuydg
o o0z ‘ujm 1 87 ‘ujm 1 ot "uje 1 s 1 WS 03 smooayeny
0o o002 “urm ot ‘urm 1 s ‘utm “91/S s »8/S ot 3089 awny
0o oot ‘uzw 1 8t ‘uym 1 ) ‘ujm | S 1 w91/S zt © 3eeg punoxy
0o o002 “ujm 8t ‘ujm 1 (134 i L 4 S 1 wWL/S ot uaon
o o002 ‘vym 81 ‘upm g ot ‘ujm | S 1 WIL/S o1 swag
0 o001 -des of o1 *3e8 ot s “u®s of N ) %1 1 “8/¢ ot dwjays
0 001 ‘uym 1 | )4 ‘a1 (1) 4 ‘ojm 1 3 1 w91/S ot usndIYO
0 021 ‘uym | 114 L 8t ‘uym g ot 1 S ST LEB 3]
0 oo1 “ujm 1 11 ‘uyw 1 et ‘uim g ot € s St suoTuN
—0 Oyl 228 ¢ _Q] = 9285 __ S o8e g  _oI/s L _uB/S Q% soyaweg
Nmnudm. #9AI3S Nme.m # OASTS nu.-.m #8A01S Nullm.mm # SASig boﬁ.m # sA®YS Nuwh.auh: e
Zeids

uUSelIds W00 USSIDS Uiy usexds piag ueeIds pug uesiog dol

SNOILIGNOD - SISATIYNV XIFROS

-2 -



"SO0E CEIEAVEDS ‘AIX Jepun aoioq usalB syjvieg “Bujleads jo pwsisuy

» (11 4 » 8t » ot . S » “w91/S
(] 00T ‘ure 1 S¢ ‘uge | 81 ‘uys 1 o1 4 S
0 00T ‘ute 1 o1 ‘ujm | S ‘uys 1 «9L/S 1 w8/$
0 (1141 4 ‘apm 1 81 ‘uays 1 o1 ‘uym 1 S 1 wOL/S
o _ooz ‘um | g1 ‘uym 1 01 “ujm 1 s 1 w91/S
Nmm F A 25 »."ww # 8A®lg .mwm # SAD]S Nmm. # SA9IS M—.—.IIMW. # SASIZ
wadg
ussiog wojjog useiIss Yy aeeadg pig WBeI0S puz uesiog doj

(A.INOD) SNOILIONCOD - SISX'1IVNV NIJHDS

pesn sea

o1
€1
01
1
o1

awg

/By an

poqiem Bujddig .

s823 peiqweadsgs
eseoynH sBwiicH
2073110qARIIS
suiw) uo)y F1iUD
n®1s jeeg

30Npolg

-2 .



Iy,

MATHEMATICAL TREATMENT O.F RESULTS

The mathematical treatment of the scr=en analysi:c data to
obtain an "Index of Fragmentation™ should fulfill ¢wo
objectives,

(1) It should result in a physically megningful index,
(2} It should be simple,

The simplest method would be to calculate by simple inter-
polation, or to pick from a graphic representation of a
particle size distribution, a representative particle size
which divides the total sample into some arbitrarily fixed
weight percentages of oversize and undersize and express the
Index of Fraguwentation ac the ratio of the control particle
size dividied by the size of the sample under examinaticn,

The most common method for graphic representation of a particle
aize distribution is to plot the cumulative weight percent
undersize or ovaregiza on either a normal or a logarithmic

scale versus a scale based on the probability integrai., (Normal-
probability and log-probability gricd). Less frequently used

are such distribution functions aa(fgo Rosin-Rammler and the
jquare root probability functions, No attempt was made to
determine the applicability of these functions to all the
experimental distridbutions, However, upon investigating

several of the experimental particle size distributions, it
bacame apparent that a strict expression of each one of the
distributions by any one function, i.e., a straight line plot

on appropriate graph paper, was improbable, thus making the
value of the "graphical’ method questionable, In addition,

this method would not make allowance for the possibility that

a particle size derived in this manner way represent any

number of more or less uniform eize distributions which happer
to be split into these arbitrary weight fractions, A physically
more maaningful expression should place due emphasis on the
particle characteristic of importance, If a sample is examined,
visually and organoleptically, which has undergone fragmentation,
it becomes obvious that the smaller particles contribute to the
objectionableness out of proportion to their weight fraction
shown in the screen analysis, What is observed visually is

the sum. of the cross sectional arcas of the particles, Thus
the number extracted mathematically from each screen ana'ysis
should have a relation to the cross sectional area of a given
weight of particles,

(I)Tate, R, W, and W, R. Marshall, Chem, sng, Progress, 49.16i,
226 (1953),

- 22 -



we assume, for reasons of simplicity, that we are dealing with spherical
rticles, we can calculate the actual number, n, of particles in each
reen fraction:

n- ol (1)
3 )
X~ 4 x,xlO
6 m

where w = weignt of screen fraction in grams,

dy = mean particle diameter of screen fraction in
millimeters derived from screen openingsj i.e.,
for particles less than 8 mm, but greater than
Lom, d) = 6 mm,

)= density of material in grams per milliliter,

The cross sectional area, as, of a sphere is:
2

as=dm x ¢ (2)

The total cross sectional area a; of an entire screen
fraction is obtained by multiply{ng aq by tre number of
particlas, n, in that fraction:

2
na, = nd- x 4’ = a; £3)

Substituting from equation (1) for n in equation (3),
we obtain: (&)

.f. w xd“' x.z‘

3 )
:1?r'dm xJ"x 10 3

= W 6

X 1 X
dp f 4 x 107

Equation (4) may be further simplified by eliminating the
numerical constants 1. 6 to:

]
-’ bel(-J.3

afaf w

('E;‘ (s)

The sum of ag of all screen fractions, divided by tne sum
of the weights of ali screen fractions, yields a number
which is a function of the cross sectional area of 1 gram
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of sample, the area number, A:

w
A =€ (ag) = £ i-d“‘_ (6)

‘@’

If A, is the area number obtained for the untreated, uncompressed
control sample, and A, the area number of a compressed sample, the
fraction Ag is called the Fragmentation Index, I¢, of the com-

Ac

pressed sample. For comparison purposes, it may be noted that the
avea number A obtained for each particle size distribution is
closely related to the reciprocal of the mean volume-surface diameter,

For a complete listing and discussion of the several statistical
mean particle diameters and mean diameters of distinct physical
meaning, reference is made to Dallavalqu

It is apparent from the derivation of this index that it will
assume the same value whether one product is broken cown from 10
to 5 mm or another from 2 to 1 mm, Thus a comparison of the com-
pression effect on different products of different original size
(i.e,, chicken vs, rice) is possible,

One limitation is placed on the ultimate mathematical correctness

of this index by the experimental method of the wet screen analysis,
The 100 mesh (0,149 mm) screen is used in lieu of a pan, but the
mean diameter of the smallest size fraction (the fraction retained
on the 100 mesh "pan"”) is calculated as one half of the next larger
screen opening, instead of the actual mean, i,e.:

1,0 = 0,5 instead of:

-t-

1,0 « 0,15 = 0,425,

2
This, >f course, weights the smallest fraction somewhat more than

it should be by definition,

Dallavalle, J. M, Micromeritics, Chapter 3. N.Y,,
Pitman Publishing Corp,
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Any traces of product going through the 100 mesh screen normalily are
disregarded, However, when any amount of product goes through the 1060

mesh sieve (e.g., untrecated chicken meat loses 5%) disregarding this

amount does not yield an index strictly comparable to one obtained on
another product, and an iwproved method may have to be developed for

this type of product. To date, no significant problem has been encountered,

The following table, Table V, illustrates the method of calculation used
in the reported work to obtain the Index of Fragmentation described here,
Table V also represents the general form of work sheet from which If is
normally computed,

In addition, the area number A for each sample can also be obtained by
using the weight % in each fraction inctead of the weight in gms, where
column 8 becomes weight % = 100, cclumn 9 becomes:

i weight %
dm
weight %
and A = 1! §m

100
However, the weight % itself is a desired result; this method of calculation

is not used since it involves more calculations than the direct method using
the weight in grams,
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I. PEAS

A,

RESULTS AND DISCUSSION

SECTION 11 - REDUCTION OF FRAGMENTATION

REDUCTION OF FRAGMENTATION

The compressicn of freeze-dried peas results in a complete break-
down of the appearance and structure with a fine powder being the
principal product, The high Index of Fragmentation {18) for un-
treated compressed peas indicates the severity of this fragmenta-
tion, Two methods of nearly eliminating this fragmentation have
been develcped; water treatment and glycerin treatment.

1.

Water Treatment

Thie method involves the partial rehydration of the freeze
dried fo.d to soften the tissue, compressing the food into
bars and removing the water by drying. This method is
preferred to glycerin treatment because of superior storage
stability at higher temperatures (100°F) (discussed below).
The ma jor disadvantage of water treatment is the redrying
operation not requived for the glycerin treatment,

A low Index of Fragmentation (I_ = i,2) was achieved with
water treatm:nt (Table VI) In tﬁxs method freere dried loose
peas of the usual size (e. g. -/8 ' in diameter) were used,
The bulk density of the mass was 0.16 anl the apparent density
of the individual peas was 0,28 grams/cc,

The dried peas were sprayed with a fine mist of sufficient

water to raise their moisture content to 6,4%, After two
minutes on a tray open to the atmosphere, 10 grams of the sprayeua
peas wers compressed to a thickness of about 4" with a pressure
of 1100 psi., The compressed bar was dried in a vacuum oven

under a pressure of about 14" Hg absolute at an oven temperature
of 45°C for 6 hours to reduce the moisture content to 1,5%,

The resulting dried bar had the same appearance and occupied

the same volume as the compressed bar before drying and had a
density of 0,71 g/ce, 1t was composed of dried peas, of
flattened or rough pyramidal shape, which retained the light
gZreen color of the original dried peas, The compressed bar

could be separated easily into the individual peas with the
fingernails, The bar withstood 5 drops in the "falling ball
test”, On full rehydration with boiling water the bar separa.. .
inteo its individual peas without agitation and the peas recovere:
from the flattened state to substantially their original -1..

and shape, all within 6 minutes, The flavor and texture of the
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product were substantially the same as that obtained by fully
rehydrating, in the same way, the original freeze dried peas
without any intermediate steps of partial rehydrstion, compression
«<nd drying., Virtually no visible fines were observed, On organ-
oleptic evaluation of this rehydrated product, there was no
powdery feel in the mouth, The peas regained ihe original full
green color of undried fresh peas,

When it was attempted to compress the freeze dried peas, without
the moisture treatment, the peas broke up into powder losing
entirely their initial shape and form. On rehydration, a large
deposit of fine particles was observed at the botton of the
beaker, On organoleptic evaluation, a powdery feel in tiie mouth
was noted,

Peas have been partially freeze dried to 7,.,5% moisture, equili-
brated for 2 hours and compressed., This method reduced the I¢
congidarably (I 1.4), However, it was difficult to determine
the freeze drying end po.nt and several attempts had to be made to
reach an acceptable moisture level, The cohesion of this bar
was poor as compared with water sprayed samples,

Glyerin Treatment

Glycerin has also been found to be an effective agent to reduce
the fragmentation due to compression, Although the I, obtained
with a 10% level of glycerin (I, = 2,8), shown in Tabfo VI, is
higher than the 1,2 obtaincd with the water treatment, the
glycerin treated product is very acceptable with little fragmenta-
tiono

In this method, a sample of freese dried cooked peas of less than
2% moisture weighing 85 grams was sprayed uniformly with 15 grams
~f glycerin, and mixed gently for two minutes, The treated peas
were then heated in a still air oven at 809C for 14 hours, gently
stirring every 15 minutes, Samples of approximately ten grams
were then compressed to a pressure of 1100 psig and held for five
seconds using a hydraulic press with preheated die and thermo-
statically controlled plates at 6c°C. (The resulting bar was
greener and glossier than the compressed bar treated with water).
Rehydration rate for the compressed glycerin treated bar in
boiling water was the same as for an untreated, uncompressed
sample, The density of the treated bar was 0,73 gm/cc, as com-
pared to a bulk density of 0,16 gm/cc, for uncompressed peas,

The bar withstood wore than 10 drops in the *falling ball est’,
Peas ccntaining glycerol have bsen obscrved 3) to lose their

(3)
V-339, Rpt. 5 (Final) Denison Research Foundation, Contract:
DA19-129-qm-1630, 15 June - 14 June 1961, p. 27,
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l.

surface color in a short time. This effect is apparently a photo-
sensitive reaction, since work on this project shars that color loss
can be eliminated by keeping the glycerol-treatea peas in containers
which prevent or reduce their exposure to light.

Other Methcds

Treating the freeze-dried peas with propylene glycol will also reduce
the fragmentation; however, the bitter flavor is not as compatible as
the sweet flavor of the glycerin. Ethyl alcohol instead of water can

be used to reduce the fragmentation. With the ethyl alcohol, however,
the Ic is not as low as water treated peas and the peas must be com-
precsed at an elevated temperature. The alcohol would be easier to
remove after compression than water. Further work on the alcohol treat-
ment was discontinued, however, because of the success of the water
treatment.

STORAGE STABILITY

Glycerin Treatment

The treatment of peas with glycerin does not affect their stability
when stored for six months at cycling (0-40°F) and at 70°F temperatures
However, changes in flavor after 70°F storage were observed in treated
as well as untreated peas. Glycerin treated peas stored at 100°F are
unacceptable after six months storage due to excessive browning. Table
VI gives the pertinent data obtained from the storage evaluation.

Sample

1 Non-Compressed — 1

2 Untreated-Compressed 20% 18.6
3 15% Glycerin 60°c 2.0
4 10% Glycerin 60°% 2.8
5 10% Ethyl Aldbhol 20% 5.6
6 102 Ethyl Alcobol 40° 5.2
7 S% Water 20°% 1.2

- 29 .
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Not included in Table VI are rehydration ratio, microbiological
examinations and appearance of bars, Generaily, these factors
were not affected by storage. Treating peas did not affect
micro?i&l counts nor decrease rehydration ratio, Cumplete details
are given in previous progress reports,

Water Treatment

A limited storage stability study (organo? ptic evaluation

only) indicated that water treatment of peas had no effect on
stability of the peas at 70°F and 100°F, This is a considerable
improvement over glycerin treated peas which were organoleptically
unacceptable after six months storage at 100°F,

II. SHRIMP
A, REDUCTION OF FRAGMENTATION

The freeze dried shrimp used for the purposes of this contract

were commercial whole shrimp (26/29 per 1b., when rehydrated)

obtained from United Fruit and Food Company and had a moisture
content of 1,5%, Freeze. 'ried shrimp are very fragile; therefore,
compression of the shrimp into food bars causes considerable
fragmentation, This fragmentation adversely affects the palatabil-
ity of the rehydrated shrimp producing a high percentage of fines

and breaking down the texture of the larger piaces to a softer, more
fibrous texture, Reduction of fragmentation has been achieved by use
of glycerin, propylene glycol or water,

1, Glycerin Treatment

Treating shrimp with glycerin at levels of 10 to 20% will soften
the texture resulting in a reduction of the fragmentation due to
compression, It was found that spraying was the most efficient
method of applying the glycerin, Best results gan be cbtained
with glycerin if the shrimp is compressed at 60 C , This was
done by preheating the shrimp in an oven and compressing with
heated molds and compression plates, Some typical values which
indicate the degres of reduction in fragmentation achieved by
glycerin is givm in Table VIII, Samples o. shrimp treated with
glycerin were pluced in storage.
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TABLE VIII

THE EFFECT OF VARIOUS TREATMENTS ON THE I OF FRKEZE DK1™) SHRIMP

Sample Treatments L.
1 Control - No compression, 1
2 Untreated, compressed at R,T, 7.6
3 Untreated, compressed at 60°C. 5.6
4 20% Glycerin-mot sprayed on, 3.8
0,
compressed at 60 C,
5 10% Glycerin-sprayed on, compressed at 60°C. 1.6
6 1 S% ” 3] .y (1] ” [1] 1 . 6
7 10% Propylene Glycol-sprayed on, compressed 1.5
0
at 60 °C,
8 15% Propylene Glycul-gprayed on, compressed 1.1
o
at 60 °C,
9 S% Propylene Glycol-sprayed on, compressed 1.9
at 60°C,
2, Propylene Glycol'
The use of propylene g'ycol resulted in far greater reduction
of fragmentation than equivalent levels of glycerin (Table VIII),
A level of 5% propylene glycol reduces the fragmantation to
the same degree as 15% glycerin, Compression at an elevated
temperature (60°C) was necessary to achieve maximum reduction
of fregmenta:ion, Also spraying was found to be the most
efficient means of application, The storage stability of
propylene glycol treated shrimp iz given below,
3. Other Methods

Bthyl alcohol (15%) was also found to be effective in tegucing
fragmentation of shrimp, The shrimp was preheated to 60 C,
mixed with alcohol and then compressed, The heating is
necessary to achieve maximum reduction of fragmentation, The
time lapse between the compression of three replications,
however, was sufficient to aliow much of the alcohol ton vaporize,
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This lowered the alcohol concentration and caused rapid cooling

of the shrimp., One or both of these factors were probably the reason
for the progressively greater fragmentation of succeszive samples
from the same batch (in sequence = 1.4, 1,6, and 3.8), This

problem was not encountered when using theother plasticizers
(propylene glycol and glycerin), Alcohol ireatment requires
evaporating off the alcohel after compression which iy not necessary
with glycerol or propylene glycol,

Treating the shrimp with watet is another effective means of

reducing the I of compre.- ¥ shrimp, An i, of 1.4 wa- chiained

by spraying thd shrimp tc - icisture level of 7,5% before compression,
The rehydraticn time fer water treated shrimp is 30-40 minuies and

the shrimp remained flat after rehvdration, The redrying step is
required to reduce ne moisture to a lavel compatiole with prolong-
ed stability, Further work on the water treatment is necessary tc
improve the« rehydration rate cf the shrimp,

E. STABILITY OF SHRIMP

1. Storage

Samples of treated shrimp and non-treated shrimp were placed in
storage for six months at temparatures specified in the contract
(70°, 100° and cycling), These samples included compressed

shrimp with 5% propvlene glycol treatment, 15% glycerin treatment,
and non-trauted shriwp with and withou* compression, The treated
samples were compressed at 60°C,

Bvaluation of these samples was made initially and after six

months storage., Complete data from these evalua.ions are given in
the progrees rerorts for this contract, However, Table IX gives
some of the mor. important results, Not includad in this table

is rehydration atio, microbiological examinution and appears&nc:

of bar, Generally these factors were not affected by storage., Th-
microbiolc ical tests indicated that treating the shrimp did not
increase microbiological activity,
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III. CORN

A, REDUCTION OF FRAGMENTATION

Fragmentation of compressed, freeze dried corn has been reducec by
treatmnent with either propylene glycol or water, ghe propylen:
glycol treated corn has very poor stability at 100 F., The water
treated corn,however, has good stability at all temperatures inwven-
tigated,

1, Water Treatment

It has been showr experimentally that spraying freeze dried
corn with water at levels of 5-10% will greatly reduce the
fragmentation with 12% resuiting in an L of 1,0 (Table X’
essentially the same Iy by definition as the non-compressed
corn, Higher levels of weter, however, greatly decrcased the
rehydration rate while low levels of water increased the rehy-
dration rate but decreased the cohesion, In order to make a
bar with a low I., cohesive enough to withstand normal handling
and that will rehydrate within a practical time limit, a special
technique using gum arabic was devised, In this method, there
were used freeze dried loose kernels of sweet corn of the usual
size (e.g., 3" x 3/8"), which hid been blanched in boiling
water for about 3 minutes before freeze drying and which had a
moisture content of 1,4%, The bulk density of a mass of the
freeze dried kernels was 0.19 and the apparent density of the
individual kernels was 0,36,

The dr.ed kerneles were sprayed with a fine mist of a sufficient
amount of a 10% aqueous solution of gum arabic to produce a
product containing 10.4% water sand 1% gum arabic, The kernels
were then allowed to stand for 30 minutes on a tray cpen to tho
atmosphere, At this stege, the aurface of the corn appeared
dry, while the interior of the kernsl contained sufficient
moisture sc that the kernel would yield sithout breaking whern
squeezed between one's fingers, Thereafter, the .ur®.ces cf
the kernels were sprayed uniformly with a fine mist of an
addi:ional 3% (based on the weight of the previousiy moistened
corn) of the same 10% gum arabic solution,

- 35 -



TABLE X

REDUCTION OF FRAGMENTATION OF CORN

Treatment I

Non-treated, non-compressed 1,0
Non-treated, compressed 5.5
5% Watar, compressed 1.1
7.5% Water, compressed 1.0
10.0% Water, compressed 1.0
5% Propylene Glycol 1.4

Twelve grams of the kerrels were then placed in a Carver hydraulic
press and subjected at room temperature to a pressure of 1100

paig to produce a compressed bar whose thickness (in the direction
the pressure was applied) was about 0,55" and which had parallel
top &nd bottom faces each 2 square inches in area, The press cycle
was such that it took 5 seconds to reach the pressure of 1100 psig
whichk was maintained for another 5 seconds, after which the press
was opered,

In the connressed bar the kernels adhered to each other, The bar

had a relatively smooth surface. While the kernels were individually
visible, the crevices or depressions in the surface where the kerrels
mat each other were very shallow (e.3g. less than 1 mm), The compresse -
bar was dried in a vacuum oven undsr a pressure of about 13" Hg
absolute at oven temperature of 60 C, fcr 5 hours to reduce the
moisture content to 1,5%, The resulting dried bar had substantially
the same appearance and occupied substantially the same volume

as the compressed bar before drying and had a denstty of 0,66 g/cc,

It was composed of dried flattened kernels which retained their
original yellow color, The bar could be separated into the individual
kernels with the fingernails, The bar withstocd 3 drops in a "“falling
ball test' described previously, without cracking.

The dried bar was fully rehydrated within 5 minutes by placing it
in a beaker containing 130 c¢c. of boiling water and allowing to
stand without further heating, It separated into its individual
kernels without agitation and the kernels recovered from the
flattened ~tate to substantially their origiial size and shape.
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The flavor and texture of the product were substantially *he same as
that obtained by fully rehydrating, in the same way, the original freeze
dried corn without any intermediate steps of partial rehydration,
compression and drying. Substantially no visible fines were observed.
When this experiment was repeated, except that the second spraying was
omitted, the kernels would not retain the bar shape after ccmpression
but broke ur into individual unfragmented kernels when it was attempted
to remove the bar from the mold, When gum arabic is omitted from the
water, the bar is less cohesive and less resistant to cracking in the
“falling ball test",

By comparison, untreated freeze dried corn braaks up iato powder upon
compression, losing entirely its initial shape and form, On rehydration,
a large deposit of fine particles is otserved at the bottom of the
beaker,

Propylene Glycol Treatment

Treating the freeze dried corn with propylene glycol prior to compression
significantly reduced the fragmentationdue to compression, Optimum level
and temperature of compression were selected as 5% at 60°C compression
temperature, This treatment reduces the I_ amount from 5,5 to 1,4, The
compressed bar rehydrates quickly in boiling water, without agitation

and regained the shape and appearance of uncompressed corn with few fine
particles being observed,

In this method eighty grams of freeze dried corn were sprayed uniformly
with four grams of propylene glycol and heated in a still air oven at

60°C for one hour, Samples of approximately 1l grames were then compressed
to a p'esuuro of 1100 peig and held for 5 seconds using heated die¢ and
plates at 60°C,

The density of the compressed treated bar was 0,7 gm/cc as compared to
a bulk density of 0,19 for untreated uncompressed corn, The bar was
sufiiciently cohesive to withatand three impacts in the *“falling ball
teat”, Similar rehydration rates were found for the treated bar and
untreated uncompressed corn,

As mentioned above &nd aygain later in dotall the propylene glycol
treated samples store very poorly at 100 °F. The advantage of this
treatment, however, is that a redrying step (necessary in the water
Lreatment) after compre~ssion is not required,

Another experiment in which the propylene glycol was removed from

tbe compressed bar indicated that this could be used to increase stability
of the bar, A propylene glycol treated compressed bar was placed in a
freeze dryer (not frozen) and subjected to 80°F heat from radiant plates
for 1-5 hours with vacuum less than 10 microns and condcnser temperature
at -SC°?, Every hour & sample was removed from the fraeze dryer and
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packaged in poly-foil-poly poucher, Storage of these
samples for six months indicated that samples remaining

in the freeze Jryer three or more hours did not become
brown, Propylene glycol samples put into the vacuum

chamber less than three hcurs had off flavor and color due
to browning with the greatest browning observed in control
samples (not subjected to propylene glycol removal by
vacuum), Rancidity was not observed in any of the propylene
glycol sampies.

Since a redrying step is necessary for propylene glycol
samples to obtain good stability, there seems to be no
advantage to this method over water treated samples which
alsc need redryirg,

B. STABI.ITY OF CORN

1, Water Treatment

A complete storage scries has been rur on propylene glycol
treated corn as noted below, The water treatment was
developed later and, sinc: no residual additive was involved,
organoleptic evaluations were felt to be all that were
required within the terms of the contract,

In the limited storage test it was found that organoleptic
qualities of water treated samples compared favorably with
the untreated samples wlsh no fsnvor changes noted afte

six months storage at 70 F, 100 F, and cycling (35° - 0 F),
Occasional sanples showed ranclidity but, since the corn
was cbtained from commercial sources, it is believed that
repackaging of the corn was responsible for this and that
freshly prepared nitrogen packed freeze dried corn would
not be expected to go rancid.

2. Propylene Glycol Treatment

Data in Table XI indicate that treating corn {..creases
storage stability of samples at cycling and 70°F, Treated
samples rated better with respect to fresh corn flavor
retention than did the untreated corn both compressed and
non~compressed, At 100°F all samples were unacceptable
because of excessive browning in treated samples and
oxidative rencidity in untreated sauples, Generally these
factors were 'not affected by storage. Treating corn did
not affect microbiological counts nor decrease rehydiation
ratio. Complete details are given in previous progress
reports,
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IV. CHICKEN

A, REDUCTION OF FRAGMENTATION

The use of propylene glvcol or glycerin also proved
effective in reducing the fragmentation of chicken,
Chicken bars formed without treatment had no cohesion
and when rehvdrated had a powdery mouthfeel due to
excessive fines produced by the compression.

1, Propylene Glycol and Glycerin Treatment

The fragmentatior of chicken bars was reduced from an
I_. of 4,5 for untreated chicken to 1.2 and 1,6 for
ptopylene glycol- and glycerin-treated chicken, respec-
tively (10% level), The meth-.! was the same for

both treatments, In each met:. d, 90 g of screened

3" freeze dried chicker cubes - ntaining less than
2% moisture were spreyed uniformly with 10 grams
ofothe additive and heated in a still air oven at

60 C for one hour., Samples of approximately 10

grams were then compressed to a pressure of 1100 psig
for a period of 5 seconds using a die and plates
heated to 60 C,

2, Other Methods

Treating chicken with water prior to compression
greatly reduces the fragmentation, However, because
of the good results obtained with gly~erin-treated
chicken in storage stability studies, further work
on water treatment was discontinued,

B. STCRPAGE STABILITY
The data in Table XII indicate that glycerin and untreated
chicken had excellent stability at cycling and 70°F atorage
temperaturee, The propylene glycol sample scored lower
at 70°F storage tecause of browning.

o

At 100 F storage temperatures, the propylene glycol
treated sample was unacceptable and the other samples were
acceptable but received lower f£lavor score,

Since no significant changes after storage were observed
in the microbiological examinations and the rehydration
ratioe, the results are not included in Table XII, The
number of wicroorganisms in all samples remained low
throughout the six months storage with no significant
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V.

differences observel because of treatments on storage
conditions, Also, there was no change after storage in
the appearance of the bars (shape, cracking and surface)
other than color which is reported in Table XII, Complete
results are given in Progress Report No, 5,

PEACHES

The dried peaches used for the purpose of this contract were
commercial halves (ca. 12% moisture) obtained from Seeman
Bros., Inc, These peaches, compressed at 1100 psi, did not
present & fragmentation problem, Organoleptic analyses of
compressed vs, uncompressed peaches indicated only that the
compressed peaches may have a slightly softer texture but were
definitely not less objecticnable, Visual inspection of the
peaches did not show any damsge to the skin or irterior of
the peaches that was peculiar to the compressed peaches.
However, the presence of a small amount of fines was observed
in the rehydration liquid of the compresred sample. This
increase of fines is reflected in the I_ of 1.4 for the
compressed peaches, It was found that Sven this amount of
fineaocould be reduced, however, by compressing the peaches
at 60 C to yield an I of 1.2,

Since peaches do not require treatment to obtain an acceptable
bar, storage studies on this item were omitted.

RICE

Preco ked rice used for the purpose of this contract contained
8% moisture, The commercial product with 8% moisture (Genural
Foods 't Minute Rice) was dried to 3% moisture in asn air oven
prior to use. In the case of rice to be treated with water
prior to compression Qdelctlbed below, the predrying step
was omitted, Upon compression, the dried rice underwent severe
fragmentation with no grains of rice remeiring on the top screen
in the fragmentation test, (If = 4,7),

A, REDUCTION OF FRAGMENTATION

1, Effect of Moisture on Index of Ftnsgpntation

The fragmaentation of rice was substantially reduced
by spraying the rice with water, The moisture level
of 17.5% was selected as optimum (Table XIII), A

lower level of muisture increased the fragmentation

- 42 -



and considerably more moisture was needed to reduce the fragmentation
significantly,

Spraying the .ice with water to a moisture level of 17.5% and compressing
immediately resuited in an extremely cohesive bar which required over an hour
to rehydrate, The reason is believed to be due to the sticky moist surface
of the rice grains. Allowing the rice to equilibrate at room temperature for
at least 3} hours allows the surface to dry enough so thar subsequent com-
pression resulted in a bar which rehydrates in 10 minutes.

The use of a fan was found tobeamore efficient way of reducing the stickiness

of the surface of the rice grains, Using this method, rice can be compressed

5> minutes after spraying is completed. Bars made in this way rehydrate within
5 winutes but have poor cohesion., It was found that an optimum level (10%)

of gum arabic dispersed in the water sprayed on the rice successiully increased
the cohesion without decreasing the rehydration rate,

Samples of rice, using the gum arabic solutien and fan method, were made and
>valuated for six months' storage stability, The method of preparation and
physical characcteristics are given below,

The rice was sprayed with a 10% gum arabic solution to - final moisture of
17.5. The sprayed grains were then spread out under a an 12" above the rice
for 5 minutes in order to dry the outermost surface of ‘e grains, Samples of
approximately 20 grams were then compressed aud dried § a vacuum oven for

5 hours at an oven temperature of 70°C to a final moist ire of 3,9%.

The treated bar nad a density of 0,71 gm/cc; the bulk deusity of the rriginal
M nute Rice was 0.39 gm/cc, and the apparent density of each of the individual
Minute Rice grains war about 0,77 gm/cc, In the "falling ball” test, the
treated bar was sufficiently cohesive to withstand three impacts., The rehy-
dration rate in boiling water for the treated, compressed bar and untreated,
compressed bar was the same, Separation and rehydratfon of the rice grains
occurred within 5 minutes,

Progzlene Glxcol. Glzcorin and Other Treatments

Treatment with glycerin, propylene glycol, ethanol and cottonseed oil,

even when allowed to equilibrate for as long as 14 days, did not reduce the
fragmentation significantly, Combinations of these treatments with heating
before and during compression was ineffective, It is noteworthy that none
of these agents with which the rice was treated as mentioned above produced
any noticeable softening of the texture of the dry rice by organoleptic
examination,
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TABLE X111

MOISTURE LEVEL - vs, INDEX OF FRAGMENTATION OF RICE

Sample No, Total Moisture Level ¥

1-79A-7A, B 5.0% 4.8
1-79A-1A, B 8.2% 3.8
1-79A-2A, B 9.7% 2,8
1-79A-3A, B 12.6% 2,2
1-79A-4A, B 14,6% 2,2
1-79A-5A, B 16.7% 1.9
1-79A-6A, B 17.5% 1.7
1-79B-8A, B 19.0% 1.7
1-79B-9A, B 24,2% 1.8
1-798-10A, B 28,0% 1.2

B. PRODUCT STABILITY

1. Stcra‘gistablllty

Data for storage stability evaluations of the treated i1ice
bars are tabulatea in Table XIV, Tt is seen that the water
treatment described above did not affect storage stability
at any of the temperatures investigated, indicating complete
success for this product in all phases of evaluation,
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VII,

ONIONS

The dried oniovns used for the purpose of this contract were
commercial '‘chopped onions” (3% moisture) cbtained from
Basic Vegetable Products, Inc,

A,

REDUCTION OF FRAGMENTATION

Commercially dried chopped onions vary in size considerably,
The fragmentation of compressed onions with no treatment

is not as obvious as it is with some other foods because

of this variation, and the fact that even though the

larger pieces are reduced in size upon compression,

there is not a great increase of very fine particles,
However, the appearance after compression and rehydration
of untreated chopped vnions resembles that of a much

T L I A b R G A S R

culat‘d to be 2.9f

1. WVater Treatment
Spraying onions with water was found to be highly
succussful in reducing fragmentation, Moisture
levels and equilibration times were varied between
6 and 12%, and 2 and 6 hours, respectively, to
determine the optimum combination, Considering
ainimm woisture and qquilidbration time as a matter
of pratticality, & 9% woidture level with three hours
equilidbration was considered optimum. Am I, of
1.3 was attained using this treatment, Results are
tabulated in Table XV,

Upon compression, whether treated or nut, che onions
exhibit an undesirable metallic taste., Cottonseed
oil, hydrogenated vegetadble oil, and Durkex 500
(blend of vegetable oils) were sprayed on the onions
both prior to and after spraying with water, All
oils were found to be effective in considerably
reduring the off-flavors due to compression, with

a slight flavor preference for samples sprayed

prior to water treatment rather than after water
treatment, Rehydration was also enhanced with use

of the oils, Index of Fragmentation was not affected,
For thess reasons, on'ons for storage evaluation
ware sprayed with a vegetable ofl (Durkex 500) to

a level of 4%, allowing one hour equilibration before
treating with water (9% level),
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TABLE XV

REDUCTION OF FRAGMENTATION OF COMPRESSED ONIONS

Additive Level Tewp, of Con}tonion Equilibration e

6% Mcisture R, T. 2 hrs, 1,4
.o .o 4 1.3
“ - “ o 6 1.5
9% Moisture "ow 2 1,3
.. .o 3 1.3
oo u o 4 1.1
- “ oo 6 1.0
12% Moisture "o 2 1.1
“ = “ n b 1.0
- "o 6 1.0
10% Propylens Glycol 80°c 20 1.2
1% Glycerin 60’c 20 1.2

2. Pranlou Olgol and Glxggru Treataents

Treating the onions with propyleme glycol or glycerin to a level of
10% reduced the I, to 1.2, The trea t, however, required 20 hours
of equilibration ‘nd compreseion at 60 C, Off flavors that developed
due to compression could not de eliminated by treatment with oil

a8 was possidble with the watsr treatment.

PRODUCT ILITY

Onione for stability tests were trested with vegetadble ofl to a level of
&%, equilidbrated for ons hour, and then sprayed with water to a level of
9%. After three more hours equilibration, the samples were compressed
and redried in a vacuumm oven at 509 for S hours, Control samples

(not treated or compressed) and compressed samples (not treated, bdut
compressed) were also placed in storage for comparison, Storage stabilic,
evaluations for i{nitial and six months storage are presented in Table XVI,
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VI1I.

Although in virtually all cases, the flavor was adversely

affocted by storage, the treatment itself contributed a burnt oil
flavor to the onions, The treatment also affected the aroma

of the product which became more objectionable at hgturltorage
temperature, The browning reaction observed at 100 F for the
control and untreated samples was intensified by the treatment used
to reduce fragmentation,

GROUND COOKED BEEF

The beef used for the purpose of this contract was cooked ground
(3" plate) freeze dried beef (2-3% moisture) from Wilson & Company,

A, REDUCTION OF FRAGMENTATION

1, Propylene Glycol Treatment

Heat combined with glycerin or propylene glycol has
resulted in & considerable reduction of fragmentation
(Table XVII), However, organoleptic evaluations of
treated beef bars indicated that glycerin was incompatible
with the beef flavor while levels of up to 10% propylene
glvcol were consider.d compatible, Therefore, samples
treated with 10% propylene glycol, equilibrated one hour
at 60 C and compressed with heated molds and plates (60 °c)
were placed in storage for evaluation after six months,

2. Water Treatment

Water is also effective in reducing the fragmentation of
beef, As shown in Table XVI1, spraying the boot to increase
the moisture level by 10% and compressing at 60 °C resulted

in an I_, of 1,4, The water treatment was developed after the
propyllﬁu glycol treatment; therefore, storage evaluations
have not been made on the water treated samples. Further
work is necessary to improve the poor rehydration rate of the
water treated samples, However, because of the poor storage
stability of propylene glycol samples, it is believed that
the water treatment is the most promising approach at the
present time,
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TABLE XVII

EFFECTS OF VARIOUS TREATMENTS ON I, OF BEEF

Saaple Treatment ££
1 Control - no compression. 1
2 Untreated - compressed at R, T, 5.9
3 Untreated - compressed at 60°C 5,0
4 15% Glycerin - compressed at 60°C 3.1
5 15% Propylene Glycol - compressed 1,6
6 10% Propylene Glycol - compressed 3.4
7 5% Water; compressed at R,T, 1.8 ~-1,9
8 7.5% Water; compressed at R, T. 1,9 - 2,0
9 10% Water; compressed at R,T, 1,7 - 1.8
10 10% Water; compressed at 60°C 1.4
B, STORAGR STABILITY

The 1Q% propyl glycol treatment affected storage stability
at 70°F and 100°F causing a browning reaction, Samples not
treated and stored at 100°F were also considered unacceptable
because of a high level of rancidity, Complete evaluation

ies reported, but flavor changes are most significant,

Since n> significant changes after storage were observed in
the microbiologica. examinations and the rehydration ratiocs,
the results are not included in Table XVIII, The number of
microorganiems in all samples remained low throughout the
oix monthe storage with no significant differences observed
because of treatments or storage conditions, Also, there was
no change after storage in the appearance of the bars (shape,
cracking and surface) other than color which is reported in
Table XVITI, Complete results are given in a previous progress
report (No, S),
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X,

BREEF STEW -

The beef stew (LP/P. DBS C-187-62) used for this investigation
consisted of freeze dried bee’, potatoes, carrots and peas along
with spices and gravy. The formula is given above (MATERIALS
AMD METHODS, I., G., BEEF STHW). -

Upon compression of a sample of beef stew with no treatment,
all the vegetables and the meat were very badly fragmented,
(It of 5.0).

A, REDUCTION OF FRAGMENTATION BY WATER TREATMENT

Water treatment of beef stew was found to be so
successful in reducing the fragmentation that no other
additives were investigated,

During the early stages of the investigation, it was
concluded that the gravy mix should not be treated together
with the other components, but added just prior to com-
pression, Spraying the beef stew with the gravy aix
present produced an unacceptable bar, The gravy mix
absorbed most of the water causing incomplete rehydration
and high fragmentation of the meat and potatoes,

Observations were made on each component separately to

determine minimum levels of moisture required to reduce
fragmentation to acceptable levels, The optimum level

found for each component with one hour equilibration is
tabulated below,

Component % Moisture Level Added
 Potatoes - 15%

Carrots | 5%

Paas 5%

Meat 15%

Spraying all the components together, excluding the gravy
mix, to an overall added level of 10% of water with one
hour equilibration time reduced fragmentations to an
acceptabls level (I, = 1,6), It was found that enough
moisture was added overall to meet the minimum levels

for each componaent excep: meat asn stated in the above
table, This was established by weighing each component

-$2 -




before and after spraying and equilibration, A typical test {s shown balo

Approx, %
Comgonent Wt, defore Sgraxing Wt, After Sprayig& Added Moisturs
gms,

(gms.)
Meat 9.8 10.5 7%
Peas 1.1 1.5 15%
Onions 0.7 0.8 12%
Carrots 1.2 1.6 25%
Potatoes 3.2 3.75 14%
Overall 16,0 17,95 11%

Although the meat did not meet the minimum level required for it, the othe
components added enough cushioning effect to reduce breaking up of the
meat, The onion: being such a small part of the overall stew, created no
problems at any time,

Spraying the stew to lowcr levels than 10% was insufficient to meet the
minimum levels, especially for the potatoes, and higher I, was obtained,
Lower equilibration times also lessened the reductions in fragmentaticn,

Upon studying the two tables above, the moisture content of the carrots,
onions and peas could be reduced substantially without increasing frag-
mentation,

The only possible » “hod, however, of obtaining optimum moisture levels
for each component is to spray each one separately., This method was
successful in reducing fragmentation even further (¢ of 1,2) and also
increasing rehydration properties. Although the overall moisture could
be reduced, the advantages gained by this method dd not warrant the use
of this complicated procedure over the 10% spray treatment,

The preferred method used for preparing beef stew for storage stability
tests is as follows:

1, Spray formula proportions of the beef, carrots, potatoes, peas,
and onions together with sufficient water to raise moisiure level
of the mixture dy 10%,

2. Allow to equilibrate for cne hour in a closed contairer,

3, Mix in the gravy and spice mix and compress immediately,
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B.

4, Redry the beef stew bars in a vacuum oven for 5 hours

at 60°C,

PRODUCT STABILITY

Storage stability tests were made on beef stew bars after 23
months storage and are tabulated in Table XX, The f%avor of
the meat was seriously affected by the storage at 70 and

100°F, There did not appear to be ary change in flavor of the
vegetables during storage.
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X.

RAW_BEEP

The raw beef used in this project wes purchased, cut

and cuhed according to Military Specifications LP/P,

DES C-201-60, U, S, Standard grade or better was used,

cut into pieces approximately 3" thick perpendicular to

the iibers, and approximately 1 x 1' parallel to the

fibers. The beef was then freeze dried in a RePP Freeze
Dryer to a final moisture of less than 2,5% (fat-free basis).

A. RDUCTION OF FRAGMENTATION

Freeze dried raw beef, compressed without any treatment,
fragmenied severely, The meat was complately broken
up into small pieces and fines. (I, = 7.0).

1, Water Sgraz

Pragmentation of freeze dried “»eef can be greatly
reduced by treating the beef with water, Using
methods similar to those for other foods mentioned

in thiy report, water was sprayed on at various levels
(5-12%) to achieve optimum reduction of fragmentation,
cohesion and rehydration characteristics., In the

case of beef, however, the minimum level of water

(8%) needed to substantially reduce fragmentation

was too high to permit rehydration of the compressed
bar within a reasonable time, At an 8-12% water
level, the meat surface was sticky caveing excessive
cohesion and subsequent poor rehydration, Of the
ingredients tried (i.e., starches, gums and sur-
factants) a modified tapioca starch (Crr-atal 5um,
Kat‘onal Starch Co,) added to the water sprayed on
was fcund moat successful in reducing the rehydration
time of beef sprayed at 8-12% water level, However,
the Cryastal Gun imparted a slight off fiavor to the
bee” and was considered unacceptable for this reason,

2, Humidification

A new method of introducing moisture was then

developed for the raw beef which involved equilibration
in a high humidity chamber tc an added moisture level

of 8%, This method yielded barg with less fragmentation
(Ig = 1.3) than a comparable water level using the
water spray (I, = 3,1), Rehydration occurred within

25 minutes (25 minutes rehydration is also required

for non-comprassed raw beef) and the var had fair
cohesion,
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The freeze dried meat was subjected to high humidity (approximately
88%) in a sealed ~hamber with good surface-to-air contact for a
period of about 25 minutes, The added moisture lev:l was about
8%, The moist air was circulated by a fan to increase rate of
moisture pick up., This rrocedure eliminated wet spots on the
surface of the meat whizh had previcusly caused the excessive
adhesive 2ffect, The beef was compressed to 1100 psi with the
fibers oriented parallel to the direction of compression, It

was found that compression of meat oriented perpendicular to the
line of compression had comparativeiy poor rehydration character-
istics, After compression, the bar _was redried to a moisture of
less than 2% in a vacuum oven at 40 C for 8 hours, Treating the
meat in this manner gave the beet overall results of all treat-
ments investigated and was used in preparing samples for storage
stability,

Other Tieatments

A number of approaches were tried during the course of this project
in an effort to: a, reduce fragmentation due to compression;

b, increase the rate of penetration of water into the meat pieces:
or ¢, increase the rate of separation of individual meat pieces
during rehydration so that ail possible surfaces would be exposed,.
Among thos. treatments which were considered to contribute little
or nothing to the purprnses of this project mar be listed the
following:

. Spraying and equilibration with p-opylene glycol before
compression,

. Rehydration with solutions of surfactants,
. Dusting surface of meat pieces with starch before compression,

. Spraying with emulsions of oil, water and emulsifier before
compression,

. Dipping meat pieces in beef tallow,
. Spraying with ethancl,
Equilibrating and compressing at temperatures from ambient to 60°C.

« Incorporation of gum (arabic) into water spray used to soften
meat pieces,

Treatments were consjilered ineffective if bars did not separate
into component pieces or if pieces did not rehydrate completely
within a reasonable (one *tour) time ih room temperature water, No
measurements of Index of Fragmentation were considered valid uniess
performed on fully rehydrated product,
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X1.

o

PRODUCT STABILITY

Samples of freeze dried raw beef bars prepared by the
hunidification method (X., A., 2., above) were placed in
storage with untreated, non-compressed controls and with
untreated, compressed contcols. (Table XX). The flavor
of both the trcated bars and the controls were considered
poor after six months at all prescribed storage corditions.

SPIN/CH
The aaterials used for this study was commercial frozen
apinach, cooked, refrozen and freeze dried by Tronchemics

Research, In~.

A. INDEX OF FRAGMENTATION

In considering a method to be used for determining ar
"Index of Fragmentation" for spinach, it was anticipated
that the two-dimensional nature of spinach might make

this product unsuitable for application of the screen
analysis method devaloped and used for 2ll other products
studied during the course of this project. It was believed
that large spinach leaver might tend to "blind" the openings
of the larger sieve sizes used in the method for deter-~
mining Index of FPragmentation described earlier in this
report. If such "blinding"” occurred, it was expected to

be difficult or impossible to achieve a satisficiory sepac-
ation of fragmented spinach particles from larger pieces.

However, the Standard Wet Screen Analysis procedure was
found to perform well in measuring the degreea of frag-

mentation due to compression. This method, therefore,

provides the basis for results recorded in Table XXI.

Another method to measure the fragmentation of spinach
dua to compression is based on the water holding capacity
of various sizes of leaves cr leave pieces. Data (Progress
Report No. 6) showed that the higher the degree of frag-
menta&tion, the lower the total weight of the rehydrated
tissue and vice versa. In later studies, this method was
fcund to be as reproducible as the Standard Wet Screen
Anelysis procedure. Howaver, the Wet Screen Analysis
prodedure was selected for evaluations performed during
this contract in order to provide uniformity of results
and identity of the definition of the term "Index of
Fragmentation".
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REDUCTION O FRAGMENTATION

Freeze dried spinach is extremely fragile and is fragmented
severely (I, = 6,8) by compression, Upon rehydration of
the compressed material, the appearance is tiat of a coarse
pures, with many small pieces visible,

1, Water Treatment

A cohesive, rapidly rehydrating spinach bar, with little
or no iragmentation, was made by spraying freeze dried
spinach with 10% water (optimum) and equilibrating in

a closed container for 30 minutes prior to compression,
After compression, the water is removed in a vacuum oven
at 45-50°C for at least 6 hours, Moisture content of
the dried bars ranges between 1,3-1.,8%, The density of
the freeze dried spinach increases from 0,18 to about
0.67 g/cc, due to compression. The rehydration time of
these bars is about 15 minutes in warm water and only
2-4 minutes in water poured from a container of boiling
water,

During rehydration, the individual leaves and large
sections of spinach leaf can be seen to unfold as the

bar expands to several times its original volume, Little
or nc agitation is required, The appearance is essentially
identical to that of the uncompressed control,

This method is the preferred procedure by which bars
were prepared for storage,

2, Glzgortn Treatment

Glycerin treatment alone did not reduce the fragmentation
due to compression of spinach significantly, Spraying a

1:1 ratio. of glvcerin and water did reduce the fragmentation
effectively, This reduction appears to be due mainly

to the water part of the treatment, Results are reported

in Table XXI.

STORAGE STABILITY OF SPINACH

Table XXII summarises the stability evaluatiorsof spinach bars
at sero time and after six months storage. Results after six
months storage show an insignificant decrease of pH of all
samples stored at 100°F, Oft flavor had developgd in samples
stored &t 70°F and 100°F, Samples stored at 100°F also lost
some of their color intensity. These undesirable changes
appeared in all samples, whether treated or untrzated, com-
pressed o. not compressed. Despite these undesirable changes
in the flavor and color of samples stored six months at 70°F
and 100 P, they were still considered acceptable by the evaluating
P‘nelo
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XII.

CHILI CON CARNE

Ingredients of dry chili con carne (59% beans, 25% ground beef and
16% seasoning mix) used in this study were prep: red according to
Military Specification LP/P DES C-186-62, The seasoning mix was
prepared from tomato powder (41,2%) dried soup and gravy base, beef
(25.1%), chili powder seasoning (18,9%), salt (14.7% and garlic
powder (0,2%).

A, REDUCTION OF FRAGMENTATION

Compression of chili con carne resulted in considerable fragmentatic
of both the freeze dried bee’ and bean components (Iz = 3.6). The
appearance of the rehydrated product was unattractive due to the
lack of typical whole beans in the mixture,

Water treatment of the complete formulation by the spray technique,
found successful in other prcducts, was evaluated, After equilibra-
tion, it was found that most of the water spray had been absorbea

by the seasoning mix and fragmentation of beans and meat upon com-
presion was still severe, No means was found for spraying water

on the complete chili con carne mix to accomplish substantial
reduction of fragmentation without encountering other problems

due to excessively wet seasoning mix, etc,

Further studies were directed toward separate water treatment:
of the beans and beef,

It was found that a water spray treatment (20-30%) of beans
followed by an equilibration time of 2 hours prior to compression
was the most effective treatment to reduce fragmentation of the
beans due to compresasion,

Spraying beef with 10% water followed by a 30 minute equilibration
time was found to be effective in reducing the fragmentation of th
beef due to compression, Other approaches to reduce fragmentat.on
due to compression of both bears and beef, including the spraying
with glycerin, propylene glycoland applying heat, were not effective
in reducing fragmentation,

It was found that spraying the beef, equilibrating the beef and
beans each according to the optimum conditiona, followed by com-
bining with dry seasoning wix and compressing was the most
effective method of reducing ragmentation, The procedure adopted
is described in the following,

1. Water Treatment of Chili Con Carne

The bean component of the chili con carne formulation was
sprayed with water to a mois-ure increase of 20% and the
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sprayeu prcduct was placed in a closed container to
equilibrate for 1,5 hours, Theleef component was spraysd
with 10% water and added to the beans at the end of the
1.5 hour equilibration time. The combination of beans and
beef was further equilibrated for an additional 30 minutes.

The formula quantity of dry seasoning mix was then added
to the equilibrated bee{ and beans, mixed thoroughly and
bars ware compressed at 1100 psi. After compression, the
bars were dried in tha vacuum oven at 50°C overnight,

The above technique was used for all bars prepared for
storage evaluation as reported in Table XXIII,

STABILITY OF CHILI OON CARNB

Ini+igql and four months storage evaluations indicate that
treatr4 chil! bars are considered to be stable and received
a high ovcrall rating score when compared with the control,
Bars stored at 100°F seemed to have lost some of their
flavor characteristics, Other evaluations of various treat-
wents after four months storage were unchanged compared to
the initial results, (Table XXIII).

- 64 -




uyIny
11931840 w ol

8881

ot ol

o N )

M ke

mhlll

‘IVSIINANMY = ¢ IPOOH = g afwg a ¢ {300d = T {300g A3y = |

SHINOR % ¥R1IV SNEVD NOO 11IHD 40 NOILVIIVAR ALITIEVIS RDVAOLS

T T RO YOy

ey 18
1 1 3Ingpoon -] . « 1870 1°1 & (°S 986°1
1 1 1 9 w o TB°0 2T°1 S S°S S6°1
b 1 53 1 9 w « W80 1°1T 1 6°S s8°1
1 1 I Zi-2 pawg-L1p 68°0 6°1 O1 $°S 671
' ™ » | 3 - - - 0 ‘cm doﬂ
. *» ™ - - —o.n 0 Qoﬂ Noﬂ
Laspnog w1dg 1 L0y
‘31708 Yeom JoARg RO ¢ - - %"t 0s.°S 8°¢
3308 b 4 I &€ - - 0°CT 0 %°S s9°¢
b 4 1 I ot1=¢ Lxp TEO0 B°1 -u s°s X
o x = 5 - M g |slF = K
» % 4 o Jer
24 m F —». ol *
=1 [ 8 o N [
(2] -~ 5]
[ 3 m [ [ J
J ®

:Bujivy j1eIeAD

*teoydLy = 1 :e30§
-cwco.-om
hoo.: O} o %0
a,0L joeq .. .. %01
BuY 1249 sweg 103 on %02
113Ul ‘pajeeay
4,001
4,0¢
possaadwon
Suiio4p ‘pa3wail 10N
1viiTUl ¢ yo13u09p
mooon
hOOn pejwal1] JON
Buy104n ‘pesseadwo)y joN
TPI3TuL ¢ 1933009
3is o m
g gis
- ~ ..-4 »
S -

- §S -



XIII. MUSHROOMS (Agaricus campestris)

Materials used in this study were 1,) freeze dried diced
mushrooms prepared by United Fruit & Food Corporation

(pH 6.5, moisture 1,3%); and 2,) cooked t.eeze dried diced
mushrooms prepared by Tronchemics Research Incorporated

(pR 6.6, moisture 1,5-2%),

A. REDUCTION OF FRAGMENTATION

The compression of freeze dried mushrooms results in
considerable fragmentation. (I, = 14.,0), The com-
pression of the raw mushrooms obtained from United Fruit
increased rehydration time from 3 minutes to more than
2,5 hours, On the other hand, the compression of the
cooked mushrooms prepared by Tronchemics Research in-
creased rehydration time from 3 minutes to less than

25 minutes, The Statement of Work of this project

does not specify cooked mushrooms, therefore the cooking
process described later is regarded as an jimportant
step in the process developed to prepare compressed
mushroom bars with substantially no fragmentation

(I, = 1,4), The Index of Fragmentation of raw mush-
rogul could also be reduced to about 1.4, (see Table
XXIV), but rehyaration was so long that the product

was judged to be virtually inedible,

1, Water Treatment of Cooked Mushrooms

Cohesive, relatively rapidly rehydrating bars with
little fragmentation have been successfully developed,
These bare were made as follows: Fresh mushrooms
were diced (4" x 4" x 4"), Dices were placed in
a 2% NaCl solution to retard ensymatic and oxidative
dbrosming., After accumulating enough sample, the
dices were transferred into a pan with boiling
wuter and cooked for 40 minutes. The material was
then cooled to room temperature, frozen and freeze
dried, The freeze dried mushrooms were uniformly
sprayed with 5-7% distilled water and equilibrated
in a sealed container for 25 minutes prior to com-
pression at 1100 psi, Compressed bars were then
dried in a vacuum oven overnight at 50°C, This
treatment reduced the Index of Fragmentation from
14,0 ¢ 3,0 for the control to 1.4 ¢ 0,3 for the
treated sample, The rehydration time was also
reduced from more than 2,5 hours for the control
to less than 25 minutes for the treated sample
(Table XX1V), This method was not developed early
enough to be used for storage studies,
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2, Water Treatment of Unccoked Mushrooms

Freeze dried diced mushrooms from United Fruit & Food
Corporation were used in this m.thod, Five to ten per cent
distilled water was sprayed cvenly on the mushrooms and equil-
ibrated in a sealed container for 30 mihutes prior to com-
pression, The comptgssed bars were then dried in a vacuum
oven overnight at 50 C, This treatment reduced the Index of
Fragmentation from 14,0 % 3 for the untreated compressed
samples to 1.4 % 0,4 fcr the treated compressed ones. But
the rehydration time was increased from about 3 minutes for
the untreated not compressed control to more than 2,5 hours
for the trcated compressed samples, (Table XXIV).

Bars prepared by this treatment were evaluated initially and
after storage for 6 months, The evaluations of the stored
bars are not reported here since neither the fresh nor the
stored bars were considered suitable for food use due to
excessive darkening which occurred during the long rehydration
time, However, little change in the character of the bars
seemed to have occurred during storage.

3., Other Treatuei.ts

Prior to reaching the most effective treatment to reduce both
the fragmentation and rehydration time of a compressed mushroom
Yar ,meny usuccessful attempts were conducted primarily to
reduce the time of rehydration, such as:

a., Spraying a 10% s.ipension of Crystal Gum Starch (modified
tapioca, a product of National Starch & Chemical Corporation)
prior to compression,

b, Surface drying of water sprayed mushrooms in a forced air
oven prior to compression,

¢, Lamination of the compressed layers held together by
further compression,

d, Rehydration in hot water,

e, Infiltrating the raw diced mushrooms prior to freeze
drying with:

(1) 1% CaCl, solution,
(2) 1% low methoxy ‘25-28%) pectin (type pink, a product
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X1v,

of Colyer Company, Irc,),
(3) 20% sugar solution,
(4) Enzyme system maue of 0,5% of each pectinase, hemi-

cellulase, dextrinase, bromilain (a proteolytic enzyme)
and Dee-0 (enzyme, glucose - gluconic acid),

SCRAMBLED EGGS

Cooked freeze dried scrambled :ggs prepared according to Military
Specification LP/P DES C-203-63 were used in this 1nvestigation.
The procedure described in this specificat.on was modified with
respect to the coouking  yeration to prepare partially cooked and
uncooked scrambled egge® as described below.

A,

INDEX OF FRAGMENTATION

Attempts to use the standard method of determining the Index of
Fragmentation (I_) were not successful, Spraying the scrambled
eggs during the Screening operation broke up the fragile scrambled
egg curds resulting in an erroneously high Ig. Another technique
was developed which replaces spraying with a dipping operation,
This method 1s described as follows:

U. S. Stardard sieves #5/16, 5, 10, 16 and 200 are used. The
complete set of sieves is stacked in the usual manner wherein the
sieve of the smallest opening (#200) is placed on the bottom. A
harness consisting of three wires (1/8" in diameter) is avranged
with the wires at about equal distances radially from each other
to support the stack so that all sieves are kept adequately to-
gether during handling. The sieve stack 18 placed in a vessel
with enough water to cove. all but about 1/3 of the top sieve,
The projecting top of this sieve prevents loss of product during
a subsequent dipping operation,

The scrambled egg sample is placed in the top sieve. The set of
sieves is gently lifted one inch out of the water and d.pped again
twice. The purpose of the lifting and dipping operation is to
segregate the various scrambled egg particles into five sizes
represented by the fi-e sleves, Thie operation providez a more
gentle action than the spraying procedure used in the screen
analysis method developed in this contract for measuring the

Index of Fragnentatior,

Two dips were found to be sufficient to segregate and collect **
different particles sizes in the ~e¢spective sieves, In the case
of hichly fragmented samples, however, one dipping was fcund to be

—!‘,9-




enough since most of the material is collected on the sieve of

the smallest openings (#200) immediately after pouring the sample

onh the top 2ieve while the stack is immersed in the water, Draining
the water by lifting up the sieves was obrerved to be slow in

the case of highly fragmented samples because the small particles
tend to seal the tinyopenings of sieve #200, The stack must be
lifted from the water gently at the end of theoperation to prevent
forcing fine particles through the smaller sieve openings.

The segregated portions on each sieve are collected, filtered and
waighed as in the standard procedure for determining I_.. Table XXV
shows that 89,.9% of the total wet weight of the controf (cooked,
untrea‘ed, uncompressed) samples and 88,2% of the treated (partially
cooked and compressed with heated dies) samples was collected on

the largest opening sieve. Only 1,2% and 1,6% of the total wet
weight respectively was collected on the smallest opening sieve
(#200)., On the other hand, none of the untreated compressed sample
was collected on siev- #5/16, while 83,3% of the total wet weight
was collected on t'.c 200 mesh sieve,

The method “.scussed above has been adopted as the procedure to
be used for measuring the I! of scrambled eggs.

TAELE XXV - WET WEIGHT OF SCRAMBLED BGGS

(Results are Averages of Duplicates)

% of Vet Weight

13 g, Semplcs  Treatment Total Wet On Sieve ©On Sieve
we, #5/16

11-1:4=7 Control (cooked, 46,1 89.9 1.2
not treated, not
compressed),

11-114-8 Cooked, not treated, 25,7 0 83,3
compressed,

11-114-5 Treated (partially 50,6 88.2 1.6
cooked, compressed
heated die)
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REDUCTION OF FRAGMENTATION

The compression of untreated freeze dried scrambled eggs caused
excessive fragmentation of the curds and prevented the scrambled eggs
from rehydrating, Treating the bars with a plasticizer to reduce the
fragmentation further aggravated the rehydration problem, A unique
technique for scrambled eggs was developed which resulted in bars that
rehydrated into a typical curd s3tructure within 3 minutes. This
technique depends upon using partially cooked scrambled eggs in the
bar, Upon rehydration with boiling water, these further coagulate

to form the curd structure expected in scrambled eggs.

1., Partial Cookiqggireatment

A partial cooking of scrambled eggs prior to freeze drying was fow 4
to provide the best means of producing a compressed bar which would
rehydrate with typical scrambled egg characteristics,

A typical preparative procedure for partially cooked scrambled eggs
is as follows:

5016,.8 gm, raw, scrambled egg mixture (75% eggs, 24.16% water and
0.39% salt) was poured into a six gallon capacity kettle, This was
placed in a boiling water bath and the eggs were cooked with contir-
uous stirring, Cooking was stopped when the eggs were judged
(subjectively) to be 50% coagulated. The operation required 131
minutes and the highest temperature of the scrambled eggs reached
at the end of this period was 77°C. The product was spread to one
half inch thickness on trays, cooled, frozen .t -12°F and freeze
dried,

Partially cooked freeze dried scrambled egg samples were compressed
in a die heated to 60°C and a compression plate temperature of 60 C,
The die was reheated after every three compressions to maintain a
relatively uniform temperature during compression operations, A
dwell time of 45 seconds in the heated die seems to form a thin,
smooth outer surface which is relatively resistant to breakage
during ordinary handling. This layer is probably due to surface
coagulation of the partially cooked scrambled eggs used for these
experiments, Heating the freeze dried .gg prior to :nmpression
results in an undesirable granular texture after rehydration which
is probably due to complete coagulation of the partially cooked
scrambled eggs,

Compressed bars should be broken down with the fingers into powder
before the addition of water., This is especially true for the con-
trol (fully cooked) compressed eggs and the partially cooked, hear-1,
then compressed bars. The curd size of the reconstituted scrambied
eggs of the treated samples depends largely on the degree of stirrin:
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during rehydration, More stirring t. .ds to decrease the
sizes of curds and vice versa, These curde are usually
more fluffy than the rehydrated control uncompressed
samples,

Typical rehydrated freeze dried fully cooked scrambled
aggs exhibit a spongy and watery mouthfeel. On the other
hand, the treated (partially cooked, compressed) samples
developed a more desirable mouthfeel typical of fresh
scrambled eggs after rehydration,

2, Other Treatments

Spraying the freese dried egg with water, glycerin, fat,
starch and gum solutions prior to compression, using dried
egg white, uncooked and partially cooked portions as
coagulants, and heat applications on the product prior to
compresaion yielded bars which either would not rehydrate
within a practical time limit or which fragmented excessive-

ly.
STORAGE STABILITY OF SCRAMBLED EGGS

Table XXVI aummarises the I_. and various tests of stability of
scrambled eggs initially and after 44 months storage. Final
results show that scrambled oggs of the treated (partially
cooked) sample a-e as Jood as, if not butter, than the

control (fully cooked, not compressed),
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Xv,

STRAWBERRI BS

Materials used for this investigation were freese dried
strawberries prepared by Tronchemics Research, Inc,

A, REDUCTION OF FRAGMENTATION

Bfforts to reduce fragmentation of compressed straw-
berries have not been successful because of our inability
to produce bars which can be rehydrated in a reasonable
period of time., It has been possible, however, to separate
the individual compressed berries after about one hour
rehydration time,

The best treatment was as follows:

Frash strawberries were punctured with stiff wires spread
in a frame approximately 5 mm, apart and vacuum infil-
trated with 1% low methoxy (25-28%) pectin (a product of
Colyer Company) solution (3 times, 10 minutes, each) in
vacuum oven, The strawberries were further infiltrated
(same procedure as for pectin) with 1% CaCl, solution,
The material was then freeze dried, A dry acalcium
pectate” was prepared by precipitating a 1% solution of
the low methoxy with an equivalent amount of 1% CaCl
soluytion, The supernatant liquor was drained and the gel
was frosen and freese dried,

One part of this calcium pectate was dusted on 20 parts

by weight of infiltrated strawderries in an effort to
promote absorption of water throughout the compressed bar.
The freese dried strawberries and freeszse dried calcium
pectate were mixed. The sample was compressed at 500 psi
and formed a cohesive, slowly rehydrating bar. Bars
prepared by this treatment were partially rehydrated in
less than one hour compared to the control which rehydrated
in wore than 8 hours, This partial rehydration of the
treated bars took the form of separation of the individual
berries although water did not necessarily penetrate through
all of the fndividual flat berries. The rehydrated straw-
berries were considered acceptable by the panel, however,

The I_ values of the treated samples (measured dy using

the wit screen analysis) range between 1,3 to 3.4, Since

it has not been possible to rehydrate the control (untreatcd)
compressed bars to establish.Iy values, it was not possible
to determine ths degree of reduction of fragmentation of
treated samplea in comparison with compressed controls,

-7“-
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However, it is important to indicate in this connection, that a relatively
light pressure applied to freeze dried berries results in a powder and a
consequent high I_ value, When higher pressure is applied to freeze dried
strawberries, a cgmontlng effect occurs forming hard bars virtually impos-
sible to rehydrate,

The following approaches were attempted and were considered unsuccesaful,

l.

2,

10,

Treatment of freeze-dried strawberries with water prior to compression,

Treatments with starches either sprayed on as suspensions using 10%

of Crystal Gum (a modified tapioca starch) or powdered using 5% Dry
Flo ( a modified corn starch ), Both are products of National Starch &
Chemical Corporation,

Treatment by surface drying of freeze dried strawberries after spraying
with either water or Crystal Gum starch suspension prior to compression,

Treatments by vacuum infiltration of fresh strawberries with 1% solutionc
of Ca acetate, Ca lactate, or Ca chloride,

Lamination of thin compressed strawberry chips held together by further
compression,

Puntturing holes with a fork prio: to compression,
Combinations of some of the above,
Infiltration of fresh strawberries with ensymntic systems of Dee-O

(glucose oxidase), hemicellulases, pectinases, bromelain (proteolytic)
’;xtrtnauc and HT-2000 (amylase-protease) separately and in combination,

; en freese dried,

Infiltration of fresh strawberries with 1% low methoxy pectin solution
with or without subsequent intiltracion with 1% 0a012 solution,

Infiltration of fresh strawberries with 5% of Melogel starch (a corn
starch from National Starch Co,) suspension with and without heat
application,

;ihcyn.l used were obtajied from Miles Chemical Company,
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XVI. COTTAGE CHEESE

The cottage cheese used for these studies was the commercial
product purchased ir local stores,

Ordinary freezing of cottage cheese in a deep freezer
followed by freeze drying produced a dry product that was
matted to the point that the individual curds could not be
distinguished or separated, Evaporative freezing in the
freeze dryer prior to the freeze drying step was the only
method found to produce an accept-ble product from which

the curds could be separated byland to meet the requirements
in military specificaticns LP/P DBS C-197-62, Upon com~
pression of this dry product without treatment, a very cohesive
bar with no visual evidence of curds was produced, This bar
would not rehydrate even after standing in water overnight,
Breaking up the bar with a fork did not help to promote rehy-
dration as the final product still contained uarehydrated
lumps, The rehydrated pcrtion had little resemblance to the
original product,

A variety of treatments, including most of the ones that had
proved successful on previous products, were tried to promote
rehydration, These treatments included water asprayed at
various levels, varying equilibration times, use of distilled
monoglycerides (1-5% dispersions sprayed on) and low viscosity
starches (5-20% dispersions sprayed on), compression at
elevated temperatures (60°C) and cooling to 0°C before com-
pression,

Since no direct treatment of freeze dried cottage cheese
was found to be effective in yielding a typical curdy
product after rehydration of compreesed bars, no storage
tests were possidle for this product,

It is believed that follow up work for this project might
investigate an approach patterned after the procedure found
to be effective for scrambled egge as described earlier

in this report, This procecdure which may yield bars which
would rehydrate to a typical curdy cottage cheese structure
is suggested to be the following: :

It 1{s proposed to make & cottage cheese preparation and
freesze dry the mixture befor: coagulation is complete, with
the intention of allowing coagulation to be completed upon
subsequent rehydration of compressed bar, Sterilized raw
milk would be innoculated with a "mother culture’”, forming
a starter culture for cottage cheese, The starter would
then be innotulated into th.: skim milk and rennin added to
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speed "p the coagulation action,

This mixture would then be immedistely frozen to limit coagulation
or might be allowed to partially coajulate before freesing. The
product would be freeze dried and the resulting partially coagulated
or uncoagulated dried powder would be compressed into bars, It is
believed that these bars could be broken up into powder or pieces

by hand and rehydrated at room temperature or slightly above,
allowing time for the normal coagulating effect to occur,

The above procedure has not been evaluated in the laboratory because
of lack of project time, It is proposed here only as a possible
approach to solving what appears to be a very difficult problem

of making rehydratable compressed bars of cottage cheese,

HIMIDITY-MOISTURE RQUILIBRIWM

The Statement of Work for this project specifias that the contractor
will describe the effect of recommended procedures for reduction of
fupoorétation on the equilibrium relative humidity of specified bars
at 20°C,

The results from the humicity-moisture equilibrium measucements of
products apecified in the Statement of Work are given in Figures
1-VII, The measurements were made on the uncompressed, non-treated
product (control) and the corresponding treated compressed bar,

These results indicate that treating the bars to reducq fragmentation
does not atfect the humidity-moisture equilibria at 20 C, Strawberries
were not tested because & satistactory way of making an acceptable

bar was found only at the end of the contract period,

PRELINIMARY COMMERCIAL FLOW DIAGRAM AMD BQUIMMENT SELECIION
A, PRELIMINARY BAR PRODUCTION FLOW DIAGRAM

As a gulde for future efforts to translate the developmental
results described in this report into a commercial production
facility for compressed food bars, a preliminary flow dia-
gram was prepared (see Pigure VIII). Several representative
products are listed on thie diagram, Similar diagrams could
be used for the producte not ~<pecifcally listed here.

For reference purposes, Table XXVIX lisw the processing steps
involved in che production of compressed bars from ail

foods included in the contract with the exception of cottage
cheese and struwberries.
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B. PRELIMINARY BOUIPMENT SELECTION

Equipment has been considered in some detail for the key
operations of addition of anti-iragmentation agent and compression
of food to form bare. Thia is discuseed in the following para-
graphs. Moet of the other equipment which is not further dis-
cussed is available from a number of food equipment manufacturers,
They will be able to make specific recommendations once a firm
proceas deaign basis has been established.

In planning the preliminary flow diagram of Figure VIII, a
target capacity of 50 bars per minute has been assumed.

1. Addition of Anti-Pragmentation Agent

As shown in Table XXVII, all produtts -excepecscrambled egga
require an additive. Addition by spraying is the preferred
method for all products except raw beef, to which the
desired moisture level is achieved by use of a humidity
chamber, Controlled spraying or atomization of liquids

can de accomplished using nozzles,either the hydraulic
pressure, single fluid type or the two-fluid (pneumatic)
type., The single fluid, pressure type is not well

suited for the low volume requirements and the high
viscosities of some of the liquid additives used in this
project,

Of the various two-fluid or pneumatic atomizing nozzles,
the positive feed type is preferred for this application,
With this type of noszzle, the liquid supply is regulated
by a feed pump or a constant pressure supply system. This
keeps liquid flow and air flow independent, allowing
separate control over atomization by air regulation, This
independence is important because of variations in liquid
flow requirements and liquid properties (especially vis-
cority)from food product to food product, Spray set-up
number 14 of Spraying Systems, Inc,, i{s considered suitable
for the commercial scale produvction line, To complte the
spray set-up, certain other equirwment is needed:

a, An air compressor to deliver up to 10 cfm of oil-free
air at up to SO psig.

b. An air pressure regulator,
¢, A liquid wetering pump to deliver between 1 anrd 5 gph,

(This capaci.y includes 50% overspray, two spray sta-
tion.).
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Uniformity of spray application should be achirved by the uce of two
spray stations and the product turnover accompanying the transfer
between conveyors, In addition, some degres of dersirable agitation can
be obtained from the fluidizing action of the atomizing air if the
distance between product and nozzle is adjusted for this purpcose,

Compression and Bar Formation From Prepared Food

The important items to be considered in the selection of ¢ precs for
bar formazion are listed in Table XXVIII, Also included are pertinent
existing contract specifications, Experimental results and operating
conventions have been included,

The data licsted for the commercial equipment have been developed from
discussion with equipment manufacturers and from their literature.

The Colton Rotary Tableting Press, Number 270, appears to be the best
choice for an efficient commercial production unit for bar fabrication,
According to a representative of Colton, the production of 50 food bars
per minute would require certain modifications of the press to allow
for the pressure build-up, dwell, and feed flow characteristics in bar
production, The press has a rated capacity of 860 tablets per minute
from powders of good flowability, The desirable slow build-up of
pressure and dwell time needed for comprersion of dehydrated food bars
is expected to be achieved by slow operation of this high capacity press.

Suiing ihe expurimental development work, this time was of necessity on
the order of 10 seconds or more, uring a hand operated Carver hydraulic
press, In the Colton #270, a build-up time of 12 seconds would be ob-
tained at a production rate of 50 tablets per minute,

Key items of equipment expected to be needed for small scale commercial
production are shown functionally in Pigure VIII,
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